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Stalistic.s now beini^ ooin])ile(l show the area of II 109 for 
Vciriety Areas tlie 1923 and 1920 crops to lie about 78,000 acres. I'bis 
alni(\st ecjuals the area of Yellow Caledonia whicli lias dropped 
to about 80,(KX) acres for the two crojis in (juestion. 

ddiere are now less than 0,(_XX) acres of Labaina. 

ddie area of I) 1135 is now about 35,(XX) acres, an increase of about 5.(XX) 
acres since a year ai^o. 

The increase in I I KX^ in a year’s lime amounts to 12,(XX) acres. 

'riie reduction in the area of Yellow Caledonia is nearly 10,(XX) acres. 


'The cane variety 1) 1133 was imported into Hawaii 
The Early History from Oueensland about 1901 or 1902. We have written 

of D 1135 to Australia and to Demerara for the early history of 

this variety. 

Mr. C'. Ifrnest \oun^, of h'airymead .Suj^ar C omjiany, Limited, of Bundaber.c:, 
Queensland, tells us that 1) 1133 was im])orted by his plantation from Demerara 
in 1893 with other seedliiy<;s from Barbados, Trinidad and Demerara. 

Sir John B. Harrison, of ( ieorj^etown, Ih'itish (iuiana, confirms this in sayiui; 
that his records show that D 1133 with some fifty other sorts was sent at the 
request of Sir Neville Lubbock to (Queensland in 1893. 

1) Lk) 3 was raised in 1892 by (i. S. Jenman and Sir John B. Harrison. 
D 1133 was a seedling' of D 103, and the latter is thought to be a seedling from 
a cane known as Caledonian (Queen, i)resumably a strain of White Transparent. 




Meeistocephalws maxillaris 

Specimens of this centipede were sent by P. H. Timberlake to R. V. Chamberlain, 
of the Museum of ComparatVve Zoology, Cambridge, Mass., for identification in August, 
1922. In reply, M)r. Chamberlain gave the identification as above, stating that the ‘‘species 
is widespread in the warmer parts of this Hemisphere, being particularly common in 
South America and the West Indies,^’ occurring also “at various j)laces in Polynesia and 
has previously been recorded from Hawaii. “ 
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Cane Root Injury by the Centipede, Mecistocephalus 

maxillaris 


By C. M. Pemiucrton 

Since my original belief in 1922 that the soil-inhabiting centipede, Mecis- 
tocephalus maxillaris, was resj)onsible for a j^reat deal of the root hole injury 
apj)earini^ on the roots of cane in Hamakua and Kohala, I have periodically made 
small experiments to further verify the contention, tojL(ether with frequent exami- 
nations of roots in the held. The experiments were never very satisfactory, my 
time was mostly occupied in other work and I have always felt that the orig-inal 
work needed some confirmation before this centipede could be considered of 
any real importance. 

1 have always experienced difficulty in ^^rovvinj^ cane roots in culture, havin.c^ 
vii^or and size com|)arable with roots growing' in the held. Small, weak roots 
sprin^in^* from the seed-])iece do not ajipear acceptable. Repealed failures, when 
usiii”- such roots in culture, often led me to believe that the centijiedes only rarely 
attacked them. Mr. McCieori^e’s paper in the July, 1924, Record, describing;' 
similar difhculties and explaininj^' his solution of the trouble by ^e^rowin^ only 
roots sprin^iiif;' from shoots and not borne by the fermenting;' seed-piece, also 
solved my difhculty. 1 have jilanted “lalas,” or shoots, which were entirely 
removed from the stick on which they i^revv. Roots from these have been 
satisfactory. 

In a total of 30 tests in sterile soil, usini^ 260 centii)edes all told, and 342 
roots, 152 holes and lacerations have appeared on the roots, these being^ in the 
soil with the centi])edcs from 1 to 4 days only, excej)t No. 12, which lasted 
twelve days. These root wounds are identical in their varied sha]>es and sizes 
with those ajq)earin^e: on cane roots in the field. 

ddie se])arate experiments were as follows: 

(1) One adult centipede jdaced in 14 'lass jar filled with slerile soil Septem- 
ber 22, 1924, in which one cane root 1 ' 4 inches lon^' was inserted, the root 
beins^ from sterile sand where it was i;;rown. In 24 hours the root was removed. 
The «:rowini^ tip was eaten out and 2 larj^e irrej.!^ular holes, penetratinij;' well into 
the central cylinder, had been made. These lioles, about 2 mm. in diameter, 
occurred on the last half -inch of the root. 

(2) One adult centipede })laced in glass jar filled with sterile soil Septem- 
ber 28, in which 4 sound cane roots, each about 2 inches long, were inserted, the 
roots having been grown in sterile sand. The roots were removed and examined 
18 hours later. The growing tips of three of the roots were completely destroyed. 
The fourth root was untouched. 

(3) One adult centipede placed in glass jar filled with sterile soil Septem- 
ber 29, in which 2 sound cane roots, previously grown in sterile sand, were 
placed. Upon examination 24 hours later, the growing tip of one r(X)t had been 
completely eaten out. The other root remained sound. 
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(4) One adult centipede placed in glass jar filled with sterile soil Septem- 
ber 29, in which 1 sound cane root, grown in sterile sand, was inserted. Examined 
24 hours later. The growing tip had been hollowed out. 

(5) One adult centipede placed in glass jar filled with sterile soil Septem- 
ber vW, in which 1 sound sand-grown root was inserted. Two hours later, upon 
examination, the growing tip was completely hollowed out. In this instance, 
the centipede could be observed working on the root, which lay in the soil next 
to the glass. 

(6) One adult centipede placed in glass jar filled with sterile soil October 2, 
in which 2 sound cane roots, grown in sterile sand, were inserted. Upon exami- 
nation 24 hours later, each root had the growing tip completely hollowed out. 

(7) One adult centipede placed in glass jar filled with sterile soil October 3, 
in which 3 sound cane roots, grown in sterile sand, were inserted. Half an hour 
later, the centipede was observed with its head well into the growing tip of 
one root, the root lying next to the glass. 

(8) Five young centipedes placed in glass jar filled with sterile soil Octo- 
ber 7, in which 4 sound sand-grown roots were inserted. Upon examination 24 
hours later, 2 roots each had 1 small, deep, circular hole through the cortex 
near the tip. 

(9) Three young centipedes placed in glass jar of sterile soil October 11, 
in which four sound sand-grown roots were inserted. Upon examination Octo- 
ber 13, two of the roots cadi had one small circular hole into cortex near end. 

(10) One young centipede placed in glass jar of sterile soil October 11, 
in which 5 vigorous sand-grown sound roots were inserted. Upon examination 
October 13, one root had one small circular hole through cortex near tip. The 
other roots were sound. 

(11) One adult centipede placed in glass jar of sterile soil Octolier 11, 
in which 5 sound sand-grown cane roots were inserted. Upon examination 
October 15, the growing tips of two of the roots were completely destroyed. 
The other roots remained sound. 

(12) One adult centipede placed in glass jar of sterile soil October 11, in 
which a cane seed-piece, bearing 9 sound sand-grown roots, was placed. Exam- 
ined October 15. The growing tips of two of the roots were completely destroyed 
and another root was almost eaten in half one-fourth inch from tip. The other 
roots remained sound. 

(13) One adult centipede placed in glass jar of sterile soil October 20, in 
which 2 sound sterile soil-grown cane roots were placed. Examined October 22. 
The entire end of one root was consumed for a distance of one-eighth inch and 
the other root was eaten into and almost severed one-fourth inch from tip. 

(14) Eight young centipedes placed in jar of sterile soil October 20, in 
which 2 sound sterile soil-grown cane roots were placed. Examined October 22. 
One fairly large circular hole in 1 root one-fourth inch from end and 1 small 
circular hole in other root one-half inch from base. 

(15) Eight young centipedes placed in glass jar of sterile soil October 20, 
in which 2 sound sterile soil-grown cane roots were inserted. Examined Octo- 
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ber 22. Only 1 centipede remaining alive. One small oval hole in one root 
through cortex, marking surface of central cylinder, one-fourth inch from base. 

(16) One adult centipede placed in glass jar of sterile soil October 22, 
in which 2 sound, sterile soil-grown roots were inserted. Examined October 23. 
The end of 1 root was destroyed for one-fourth inch ; only a few threads of fiber 
left at end. Other root untouched. 

(17) Eight young centi|)edes placed in glass jar of sterile soil October 22, 
ill which 3 sound, sterile soil-grown cane roots were inserted. Examined Octo- 
ber 24. The tips of all 3 roots hollowed out. One root also had 1 small, cir- 
cular hole through cortex one and one-half inches from tip, and another small, 
circular hole through cortex two inches from tip. 

(18) ICight young centijiedes placed in glass jar of sterile soil October 25, 
in which 6 sound sand-grown cane roots were inserted, h'xamined (Jetober 27. 
Two roots each had 1 small, circular hole through cortex one-eighth inch from 
end. The other roots were sound. 

(19) iMght young centi])edes |)laced in glass jar of sterile soil October 25, 
in which 3 sound sand-grown cane roots were inserted. I^xamined October 27. 
One root had one small circular hole through cortex one-fourth inch from end, 
and a circular hole 1 mm. in diameter through cortex one-half inch from end. 
1'he second root liad 1 circular hole 1 mm. in diameter through cortex one-fourth 
inch from end. The third root had 1 small circular hole through cortex one- 
fourth inch from end. 

(20) Eight young centi])e(les placed in glass jar of sterile soil October 25, 
in which 2 sound sterile soil-grown roots were inserted, hlxamined Octol)er 27. 
One root had 5 small, circular holes, well into cortex, one-half mm. in diameter, 
all from one fourth to one inch from tip. The other root was untouched. It 
was not so vigorous a root when inserted in the jar. 

(21) 'J'wo adult centij)edes placed in glass jar of sterile soil October 25, 
in whicli 6 sound sand-grown cane roots were inserted, h'xamined October 27. 
One root had tip badly lacerated and a large jagged hole through cortex into 
central cylinder one-fourth inch from tip. Xo injury to other roots. 

(22) Twenty young centi])edes ])laced in glass jar of sterile soil October 28, 
ill wliich 7 sound sand-grown cane roots were inserted. ILxamined October 31. 
One root had 3 small, circular holes through cortex within one-fourth inch of 
end, one root had 1 small, circular liole through cortex one-eighth inch from 
end, and one root had one small, circular hole through cortex one-fourth inch 
from end. Roots not vigorous. 

(23) Ten young centipedes placed in glass jar of sterile soil November 4, 
in which one cane eye with roots just starting was inserted. Examined on 
November 8. Of 42 roots, which had reached lengths varying from one-fourth 
inch to two inches, 10 each contained one small, circular hole from one-fourth 
to 1 inch from end. 

(24) Ten young centipedes jilaced in glass jar of sterile soil November 4, 
in which 1 cane eye, with roots just starting, was inserted. Examined Novem- 
ber 8. Of 38 roots present, which had grown to lenglhs of one-fourth to two 
and one-half inches, 5 each had 1 small, circular hole through cortex near tips. 
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(25) Ten young centipedes placed in glass jar of sterile soil November 4, 
in which 1 cane eye, with roots just starting, was inserted. Examined Novem- 
ber 8. Of 58 roots present, varying in length from one-fourth to two inches 
in length, 7 each had 1 small, circular hole through cortex near tip. 

' (26) Ten young centipedes placed in glass jar of sterile soil November 4, 

in which 1 cane eye, with roots just starting, was inserted. Examined Novem- 
ber 8. Of 35 roots present, varying in length from one-fourth to two and one- 
half inches, 4 each had 1 small, circular hole through cortex near tip, and a fifth 
root had 2 small, circular holes through cortex near tip. 

(27) Ten young centipedes placed in glass jar of sterile soil November 4, 
in which 1 cane eye, with roots just starting, was inserted. Examined Novem- 
ber 8. Of 45 roots present, varying in length from one-fourth to three inches, 
5 each had 1 small, circular hole through cortex near lip. 

(28) Thirty young centipedes placed in wooden box 10x6x6 inches, filled 
with sterile soil November 8, in which 3 lalas or cane shoots were planted. None 
of the cane stick itself being attached excepting a very small bit for support at 
the bases of the shoots. Examined November 14. Fifteen roots, all vigorous, 
had grown out from one to three inches in length. A total of 18 small circular 
holes, mostly through cortex, were counted on 11 of the roots. Four of the 
roots remained sound. The holes ranged from one-half to two and one-half 
inches from tips of roots. These roots could not have been present for more 
than 4 days. 

(29) Fifty }'oung centipedes placed in box as in Experiment 28, Novem- 
ber 21, in which 3 lalas were planted on same date. Examined November 28. 
Sixteen roots from one-half to two inches in length had appeared. On 13 of 
them a total of 19 small, circular holes, mostly through cortex, were present. 
Three roots remained sound. 

Since recording Experiment No. 29, a further test. No. 30, has been com- 
pleted, which is of interest. On December 4, 2 lalas were planted* in a box of 
sterile soil, containing 40 young centipedes. This was examined on Dfetember 16. 
The cane roots produced in this box were thus exposed to centipede attack for 
about 12 days, which is about a week longer than in any of the previous experi- 
ments. A total of 16 roots had appeared, from one-half to four inches in length, 
bearing a total of 31 holes or lacerations, made by the centipedes. None of the 
roots were uninjured. Four of the roots had the growing tip completely de- 
stroyed, Three other roots bore one hole each near the center, which not only 
penetrated the cortex, but extended so far into the central cylinder that the root 
was nearly severed in half. These three roots were badly rotted. The remaining 
nine roots had from 1 to 5 of the typical, small, circular holes through the cortex. 

Checks on the above experiments follow: 

(1) .All centipedes were picked out of the soils in jars of Experiments Nos. 
18, 19, 20, 21 and 22 October 28, without otherwise disturbing or treating the 
soil In these jars, sound, sterile soil-grown roots were inserted October 28, 
there being 4, 4, 4, 3 and 2 roots to the 5 jars respectively. These were removed 
and (Jarefully examined November 30. All were perfectly sound and bore no 
hotes. 
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(2) All centipedes were picked out of the soil in Experiment Box No. 28 
and 4 clean lalas, or shoots, without roots, planted in the soil, without otherwise 
treating the soil, November 14. Examined November 22. Thirty-two vigorous 
young roots from one-half to three inches long were present. All were abso- 
lutely sound and bore no hol^s. 

In all of the above experiments, it should be noted that in no case were the 
roots exposed to centipede attack for much more than 4 days, if that long. No 
great success was had in working with the young centipedes until the method 
adopted in Experiments 28 and 29 was used, for in the others the roots soon lost 
their vigor after being changed from sand to soil or one soil to another. The 
eye plantings were not entirely satisfactory in securing growing roots, as a 
part of the fermenting stick was planted with the eye and not enough time elapsed 
for vigorous eye roots to grow. 

As the root holes appearing on the roots in the experiments are identical with 
those found in the field and as this centipede is exceedingly abundant in cane 
soils in Hamakua and Kohala, where 1 have searched for it, I ascribe a great 
deal of this root marking, in these localities at least, to the centipede. Snails, 
of minute size, are present in the soils here, but 1 have difficulty finding many 
of them, excepting in a few spots, and particularly deep in the soil, where roots 
are penetrating. I find the centipedes following the roots at all depths, however. 

Paradichlorobenzene is highly fatal to the centipedes. 

On November 22, 1924, 1 placed 60 freshly collected centipedes in a wooden 
box containing 220 cubic inches of slightly moist soil. Into this I mixed three- 
fourths ounce by volume, of paradichlorobenzene. Two days later, upon exami- 
nation, all centii)edes were dead and only a small amount of the chemical had 
disintegrated. 

On November 2.^, I placed 60 more freshly collected centipedes, 3 being 
adults, in the same amount of soil and mixed in one small teaspoonful of para- 
dichlorobenzene. Twenty hours later found them all dead. 

On Noveml)er 26, I cleared away all grass and trash from 10 feet of row 
of 1-year old Yellow Caledonia cane. This space bore 22 sticks of cane. Over 
the surface of this space I sprinkled 3 ounces of paradichlorobenzene, the area 
being 10 feet long by 2)4 feet wide, and loosely covered the chemical with one- 
half inch of soil. Two days later I removed from this soil 62 centipedes at depths 
ranging from 2 to 9 inches, 41 of which were dead. There were 10 adults, onlv 
1 being alive. As most of the flakes of the chemical were still present, its poisonous 
fumes would no doubt continue to operate for many days longer and a higher 
percentage of dead would have been found if 1 had waited longer. The soil 
still smelled strongly of the substance. 

This material may prove of great value to us, as a soil fumigant, in time, if 
soil fumigation should prove useful by later experiment. I have no data at hand 
as to its cost. 
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The Duty of Labor* 


By J. S. B. Pratt, Jr. 

A subject that has not been discussed much at our meetings, or at the 
Planters' meeting, is the “Duty of Labor.” By this we mean, how much a man 
can do on the various tasks in a day. And connected with this is, how can we 
get that man to do more? 

The duty of labor is a matter of conditions. That is the reason it is so dif- 
ficult to present a paper on this topic. One immediately says, “Our conditions 
vary so much even on our own plantation.” We hear the statement, “Ten years 
ago our laborers did much more work than they do now.” How do we know? 
Do we have a standard of comparison, or are we thinking of the outstanding 
individuals ? 

Feeling that it was a subject we plantation men are all interested in, and want 
to discuss, the writer sent out a large number of questionnaires. Replies were 
received from J. T. Fantom, of Puunene; A. T. Spalding, of Honomu, and 
W. L. S. Williams, of Waiakea, and their answers helped materially in this paper. 
The rest of the material presented comes from the writer's own experience on 
dijfferent plantations, and from copious notes taken in travels to all the plantations. 

Plantation Labor Require.ments 

An easy ratio to remember for labor required for a plantation, is one man 
to 5 acres for the irrigated places, and one man to 7 acres for unirrigated. This 
includes all labor: mill, field, sundry, etc., or is the total labor to the total acres 
in cane. 

Approximately 65 to 70 per cent of the total labor is actually engaged in 
raising and harvesting the cane. The 35 to 30 per cent balance is for the mill, 
construction, overhead and sundry jobs. It can be estimated that most planta- 
tions use 10 per cent of the total labor in the mill, with the other 20 to 25 per 
cent overhead, repairs, sundry and construction jobs. The percentage for the 
mill depends on the size of the plantation. 

During the harvesting season, 20 to 25 per cent of the total labor is required 
for the harvesting fields, divided roughly as follo.wsr 15 per cent for hauling 
and track, 40 per cent for loading, 45 per cent for cutting. 

The labor requirement per ton of sugar is influenced by the yield per acre, 
and the quality of the juices, but the above mentioned ratios are good approxi- 
mations per acre. " 

Man vs. Woman Labor 

Althou'gh a woman’s rate of pay is usually 75 per cent that of a man's, there 
are certain operations in which she can equal a man day's work. Irrigating, 
weeding, fertilizing, picking up cane, piling cane, cutting seed, setting seed, 

* Bresented at Third Aantial Meeting of Association of Hawaiian Sugar Technologists, 
Hoi^lulu, October 27, 1924. 
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covering and planting are all operations in which she may excel, depending 
largely on the individual and on the luna. But as these operations are generally 
on a contract basis the pay is based on the work actually done. All lunas cannot 
handle wahine gangs or school children gangs, and it pays to find good lunas 
for them. Better work is done by wahine gangs if they are separated from the 
men. 

Child Labor 

School children of advanced age often work for short periods of time. The 
superintendence of school children is mild, and they work at the easier jobs, as 
in setting seed in planting, in which they excel. As wilh the school gardens, 
this light plantation work has great educational value in teaching proper agri- 
cultural practices, and in stimulating an agricultural interest. 

Handung Labor 

In Hawaii, we find three main schemes for handling labor; 

(1) Day work; 

(2) Piecework or ukupau ; 

(3) Contract work. 

Add to this, a possible fourth, the combination of ukupau and contract work. 

In (1), we have the most expensive and slowest work. Certain jobs requir- 
ing careful work as in weeding in young plant cane may be best done by day 
work. Here the overseer must see that the man gets a day’s work done. 

In (2), a certain task is given, as for example, to cut ten bags of seed and 
pack to the cars, or to hoe forty lines of cane. This system works well with the 
psychology of a large amount of our labor, that is, the thought that when the 
task is completed, he can go home. This method requires closer supervision to 
see that the task is done well, but at least a day’s work is done. Ukupau is a 
good system where the overseers are on the job, but careless work results unless 
they are. The tasks should not be set by the sub-lunas, as they often want to go 
home as badly as the men do. 

In (3), contract system, we find a method very common in the Islands. The 
term “Long Term Contracts” usually refers to the growing of cane, often over a 
two-year period, under contract. Remuneration is received from tonnage raised. 
“Short Term Contracts” are petty contracts for short periods of time. By this, 
a man is paid for a certain task, and the more work accomplished the more money 
he earns. Here, the overseer does not have to urge the men on, but devotes his 
time to seeing that careless work is not done. A man is justly paid for what he 
earns. A contract may be taken by a group of men or by individuals. 

The fourth method of a combined ukupau and contract is being used more 
and more by plantations. By the ukupau method (3), all men in the gang usually 
get the same task and receive the same money per day. The contract system 
when individual, gives the man what he earns. Some places combine these 
methods, i. e., when a man earns by contract a set amount, usually say 10 per cent 
above his daily base rate, he is allowed to go home (like ukupau), but he may 
stay to earn more (contract method). 



10 


The writer believes this is the best method, where applicable, with our present 
laborers. The way to get the most work out of a man is to place him on an 
individual task. The good man gets more money than the poor man. This com- 
bined contract and ukupau is ideal in that the home psychology enters, and yet 
a man may do more than under ukupau. It works nicely in hoeing contracts, 
and several plantations use it in cutting cane. 

It would be a big mistake to cut a rate when it has been set incorrectly and a 
man is making big money. The rate is based on so much per acre, or per line, 
etc., and what an individual makes is not the criterion ; but what is, is our cost 
per acre or per ton cane. The more a man earns at that rate, the more work 
we are having accomplished. The most success in handling contracts is obtained 
by sticking to a rate while the job lasts, or the conditions remain the same, and 
if one has made a mistake in setting the rate, to learn not to do it next time. 

It is equally as bad to have a contract and do as many plantations do, figure 
out the contract after the month or job is over at a certain rate. This is no con- 
tract at all, and the making up of a contract up to a certain amount is also bad. 
Pay them what they earn. 

On Increasing Our Duty of Labor 

(1) Inculcate the idea of money earning in the men. 

(2) Better overseers, and closer instruction of them. 

( 3 ) Have the overseers train the individuals in the details, as in the correct 
way to use the hoe, to cover seed, or to cut cane. 

(4) Short cuts. The interesting part to our plantation work is that there 
is always something new coming up. Simply because a job has been done a 
certain way for the last fifty years is no reason that it should be done that way 
another fifty years. We may have a new cane requirement, conditions may have 
changed, or we may have been making mistakes for fifty years. So, study the 
details, and look for short cuts. 

(5) See what your neighbor is doing. Travel around and get out of the 
rut. He may be doing your job in a quicker way than you are. “Talk shop’' 
with him. 

(6) There are many unnecessary jobs or motions; cut them out. 

(7) The only way to increase the duty of labor is to first find out what your 
labor is doing. How much are my men irrigating per day, how many tons cane 
can they cut, etc.? Finding out this, one automatically tries to do better, but 
unless one knows what his men can do, he may never hope to get more work 
out of them. 

(8) Do the job at the right time. Try to get the weeds, for instance, when 
they are light rather than when they are heavy, for heavy weeding takes the pep 
out of the men. It is better to do two light cultivations than one heavy cultivation. 

Conditions vary, and averages do not show much, but we all like to hear how 
the other fellow is doing it. Yet, by experience we all come to have an idea of 
what a day's work is, else we could not set any contracts. We know a man can- 
not cut twenty tons of cane a day, but we have a range of say four to eight tons 
in pur mind as a day’s work. The new man coming in to the industry wants to 
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know, so it is hoped that the accompanying tables will be taken as a ''slarter'' 
on this important subject, and that others may add to this each year. 

The items are lettered and discussed under the headings after the table. 

Table Showing Approximate Ranges For a Day’s Work (10 Hours) 

OPERATION— 

A, Clearing: Rock (heavy), 60 men )>er acre. 

Lantaiia, 4 to 10 men per acre. 

Koa, 5 to 20 men per acre. 

Guava, 10 to 20 men per acre. 

B. Steam Plowing; 

Plowing: Acres jOowed per day, 4 to 8 acres. 

Men per acre, 1 to 4 men. 

Harrowing: Acres |)er day, 10 to 35 acres. 

Men per acre, 1/2 to 1/7. 


C. Caterpillar Plowing and Harrowing: 

3 disc gang plow: Acres })lowed per day, 4 to 7. 

Men per acre, 3/4 to 3/7. 

Harrowing: Acr(*8 harrowed, 15 dr. 

Men per acre, 1/5. 

Plowing’*: *Engine gang, 4-14", 2 men, 14-18 H. P., 8 acres per day 

(10 hrs.). 

^Engine gang, 4-14", 2 men, 20-25 H. P., 12 acres per day 

(10 hrs.). 

^Engine gang, 4-14", 2 men, 25-30 H. P., 16 acres per day 

(10 hrs.). 


D. Animal Plowing; 

^Walking j)low 12", 1 man, 2 horses, 1.6 acres per day (10 hrs.) 

* Walking plow 14", 1 man, 3 horses, 2.3 acres per day (10 hrs.). 

*Hiilky IHow 14", 1 man, 3-4 horses, 2.5 acres ])er day (10 hrs.). 

*Gang 2-14" botloms, 1 man, 4-6 horses, 5.2 acres per day (10 hrs.). 

*Gang 2-12" bottoms, 1 man, 3-6 horses, 4 acres per day (10 hrs.). 

*Gang ,3-12" bottoms, 1 man, .5-8 horses, 6.6 acres per day (10 hrs.). 

**Gang 2-8" l)ottoms, 1 man, 2-3 horses, 2.8 acres per day (10 hrs.) 

*Gang 3-8" bottoms, 1 man, 3-4 horses, 4.2 acres per day (10 hrs.), 

*neep tillage 2-20" disks, 1 man, 6 horses, 2.5 acres per day (10 hrs). 


E. Animal Harrowing’i^ ; 

*Disk harrow (not lapped) 4", 1 man, 4 horses, 5 acres in 10 hrs. 

**l)i8k harrow (not lapped) 6', 1 man, 6 horses, 9 acres in 10 hrs. 

*J3isk harrow (not lapped) 8', 1 man, 8 horses, 14 acres in 10 hrs. 

*Spike harrow^ (not lapped) 8', 1 man, 2-3 horses, 10 acres in 10 hrs. 

^Spike harrow (not lapped) 16', 1 man, 4 horses, 30 acres in 10 hrs. 

*8pike harrow (not lapped) 24', 1 man, 6 horses, 40 acres in 10 hrs. 

*Spike harrow (not lapped) 32', 1 man, 8 horses, 60 acres in 10 hrs. 

^Spring tooth, 6', 1 man, 3 horses, 9 acres in 10 hrs. 

**Spring tooth, 8', 1 man, 4 horses, 12 acres in 10 hrs. 


Adams ^ Farm Management, p. 547. 
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P. Purrowing: 

Caterpillar; 1 Mouldboard, 4 acrep per dayj 1/2 man per acre. 

2 Mouldboard, 8 acres per dayj 3/8 man per acre. 

3 Mouldboard, 12 acres per day; 1/3 man per acre. 

Animals: 1 Mouldboard, 4 animals, 4 acres per day; 1/2 man per acre. 

G. Preparing and Ditching: 

(a) Preparing (hukilepo); Men per acre, 2 to 4. 

Lines of 30' per man, 150 to 75. 

Canoe plow, 2 horses, 4 acres per day, lYj men 
per acre. 

(b) Ditching usually 2' x 2', 1 man does 75' per day. 

H. Gutting Seed: 

Top-seed ahead of cutters — bags per man, 15 to 20. 

pounds seed per man, 975 to 1,300. 
cutters leaving seed — bags per man, 20 to 30. 

Body seed; Bags per man, 30 to 40. 

Pounds per man, 1 to 1^/4 tons. 

I. Hauling Seed: 

Pack-saddle: Bags per man, 150 to 350. 

1 pack-saddle man to 10 planting. 

J. Planting: 

Preparing, planting, covering: total men per acre, 4 to 5. 

Preparing, 1 to 3. 

Dropping and setting seed, 1. 

Covering, 1 to 2. 

Bags per acre (65 lbs. each), 60 to 80. 

Bags per man (setting seed and covering), 25 to 35. 

K Replanting: Variable (1 to 3). 

L. Irrigation: 

(a) First water 30' lines — 

Lines per day per man, 80 to 200. 

Men per acre, 4 to 1^. 

(b) Small cane — men per acre, 1 to 2. 

With weeding, 2. 

Without weeding, 1. 

(c) Big cane — men per acre, 3/4 to 1. 

Orchard system — first water, 1/4 to 1/6. 

Subsequent, 1/10 to 1/20. 


M. Cultivation Contracts: 

Plant cane, 5 to 10 acres per man. 

Ratoon cane, 7 to 13 acres per man. 

Total man-days per acre (hoeing and irrigating, long term contracts) — 
Plant, 30 rt days per acre. 

Ratoon, 20 ± days per acre. 

K. PeitiUzing (by hand): 10 to 15 bags per man, 

,, Estimated Sliding Schedule — Spreading only — 

/ 3 bags per acre, 9 bags per man, 1 man 3 acres. 
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4 bags per acre, 10.5 bags per man, 1 man 2.6 acres. 

5 bags per acre, 11.6 bags per man, 1 man 2.3 acres. 

6 bags per acre, 12.5 bags x>er man, 1 man 2.0 acres. 

7 bags per acre, 13 bags per man, 1 man 1.8 acres. 

8 bags per acre, 13.5 bags per man, 1 man 1.7 acres. 

10 bags per acre, 14 bags per man, 1 man 1.4 acres. 

125 lb. bags. 

Bags packed per day — 100 per man. 

By wagon: 

1000 lbs. per acre, 2 horses, 1 man — 45 — 60 bags per man. 
* Manure Spreader (75 bu.): 

I man, 2 horses; loads in 10 hours — 12. 

^ Spreading Idme: drill (10'): 

1 man, 2 horses; acres jier day — 11. 

^ Spreading fertilizer: 

1 man, 2 horses; acres per day — 13. 


O. Hoeing: 

Light weeding: Men jier acre, 2 — 4. 

Lines (30') jier man, 150 — 75. 
Medium weeding: Men per acre, 4 — 8. 

Lines (30') per man, 75 — 40. 
Heavy weeding: Men jier acre, 8 — 12. 

Lines (30') x>er man, 40 — 25. 


P. Cutting Back: 

No hoeing (knives) : 

Men per acre, 2/3 to 1. 

Lines (30') per man, 200 — 300. 
With hoeing (hoes): 

Men per acre, 2 — 4. 

Lines per man, 75 — 150. 

Q. Harresting, Irrigated: 


1 good 

man 

cuts 

in 

30 

tons 

cane 

burned about 8 

tons. 

1 poor 

man 

cuts 

in 

30 

tons 

cane 

burned about 5 

tons. 

1 good 

man 

cuts 

in 

30 

tons 

cane 

unburned about 

4^ tons. 

1 poor 

man 

cuts 

in 

30 

tons 

cane 

unburned about 

3 tons. 

1 good 

man 

cuts 

in 

60 

tons 

cane 

burned about 9 

tons. 

1 poor 

man 

cuts 

in 

60 

tons 

cane 

burned about 6 

tons. 

1 good 

man 

cuts 

in 

60 

tons 

cane 

unburned about 

5 tons. 

1 poor 

man 

cuts 

in 

60 

tons 

cane 

unburned about 

3% tons. 

Loading: Burned 

cane. 

10 to 15 tons per man. 



Unburned cane, 8 to 10 tons per man. 

Portable track: Lay and take up, about 240 ft, per day. 
Batio: Trackmen to cutters, 1 to 5. 


Loaders to cutters, 4 to 5. 

Harresting, Unirrigated: 

1 good man cuts and packs to flume 3^ — 4 tons cane. 
1 j)oor man cuts and packs to flume 2 — 3% tons cane. 
1 good man cuts in burned cane 5 — 7 tons. 

1 good man cuts in unburned cane 3 — 5 tons. 


Adams V Farm Management. 
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1 poor man cuts about 3% tons. 

Loading to flume — tons per man, 6 — 8 tons. 
Flumiiig per man 20 — 30 tons. 

Pickups — Batio: pickups to cutters 1 to 50. 

B. Pallpali: Medium Trash: 

Men per acre, 2 — 3. 

Lines (30') per man, 100. 

Lines (210') per man, 19 — 20, 

8. Stripping: Men per acre, 2 — 6. 

T. Cultivation:* 


^24" 

space, 

1 

man, 1 

horse, 

4 

acres 

in 

10 

hours. 

o 

CO 

space, 

1 

man, 1 

horse. 

5 

acres 

in 

10 

hours. 

42" 

space, 

1 

man, 2 

horses, 

OVa 

acres 

in 

10 

hours. 

48" 

space, 

1 

man, 2 

horses, 

7¥i 

acres 

ill 

10 

hours. 

66" 

space, 

1 

man, 2 

horses, 

10 

acres 

ill 

10 

hours. 

00 

space, 

1 

man, 2 

horses. 

12 

acres 

ill 

10 

hours. 


Big Horners going once: acres per man, 2%. 

twice: acres per man, 2. 
Planter Jr. once: acres per man, 4. 

twice: acres per man, 2. 


HlUing Up: 

Plows only: men per acre, 3 — 5. 

animals per acre, 2 — 2^. 
Canoe Plows: acres per day, 4. 

men per acre, Vi to 


Off-barring: 

Men per acre, 

Animals per acre, 1. 

Tractor, small, acres ])er day, 12. 

Tractor, 3-10" plows, 4 men, acres per day, 8. 

U. Miscellaneous: 

PoepC'd — Lines per man, 75. 

Spraying — Acres per man per day, 1%. 

Seed sprayer — Acres per man per day, 5. 

Track: Main line — 

Ties dipped per man per day, 200. 

Ties dipped per 50 gal. bbl. (4"x6"x5'), 700. 

Ties tamped per day per man, 90. 

Feet spiked and fish-plated — 180 feet for 2 men. 

Take up old rail, put in new — 3 men per 100 feet. 

Track Maintenance: Daily per mile — 1 man. 

Fences: 

Holes dug per man per day, 35 — 40. 

Holes tamped i>er man per day, 50. 

Fence put in, stringers and all, feet per day per man, 50. 
Old fence taken up, feet per man, 75 — 100. 

Take up and put in, feet per man, 30. 

Posts dipped per man per day, 300. 

Posts dipped per 50 gals., 1000. 

* Adan^s ^ Farm Management. 
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Forestry: 

Dig holes, and irrigate: trees per man, 40 — 50. 

Clear brush, dig holes, plant and water: trees per man, 40. 

Concrete: 

1 man should average 1^ to 1% cu. yds. concrete in 
8 hrs., including mixing and wheeling not more than 
50 ft. (Farmer’s Bui. 1279.) 1^—1% yds. 

per man 

Barthwork:* 

* Loosening — Pick: ordinary loam, 3 — 5 cu. yds. per hr. 

* hardpan, .5 — 1 cu. yds. i)er hr. 

* Plow: ordinary loam, 40 — 50 cu. yds. per hr. 

* (4 men) clay, 25 — 30 cu. yds. ])er hr. 

* hardpan, 15 — 20 cu. yds. per hr. 

Shoveling:* , 

* Pick and shovel — yds. per man, 7 cu. yds. per day. 

* Loosened earth to wagon, 1.2 to 1.5 yds. j)er hr. 

* Loosened earth from platform, 2 — 2.5 yds. per hr. 

* Spade and load: brick clay, 20 — 40 cu. yds. per day. 

* Pick and load: loam, 1 cu. yd. per hr. 

* stiff clay, % cu. yd. per hr. 

* hard-pan, cu. yds. per hr. 

Scrapers:* 

^Fresno scraper, depending on length of haul and soil: yards per day, 60 — 120 
cu. yds. per day. 

Wheelbarrows:* 

* Pick and load into wheelbarrows, loam ])er man, 1 cu. yd. per hr. 

Digging cesspool — 8'x8'xl0': ft. ])er day, 75. 

Digging ditch — 2'x2': Feet per man per day, 75. 

Tunnels: Example — 3'x5' soft earth, 32 ft. long: Feet j)er man per day, 
Sand: Waianae sand — Lbs. per cu. yd., 2400 — 2600. 

Cu. ft. per ton, 31. 

Yds. sand load in car per day, 15. 

Yds. sand unload from car per day, 20. 

Rock: Loading crushed rock in bags per man, 50. 

Breaking large rock for crusher: Yds. per man, 3i/^. 

Stone wall: 3'x3i/^' — Rock nearby: Feet per man per day, 13 — 20. 

Firewood: Cords per man per day, 1—2. 

Cane-tops to stable: Ratio, men to animals, 1 to 50 or 100. 

Discussion 

A. Clearing: This operation usually refers to the taking; in of new land. 
Removing* rock, cutting brush, or otherwise getting the land ready for plowing 
is termed ^‘clearing.” One plantation has done extensive rock clearing, piling the 
rock in large piles in the field. The rocks are plentiful and 12 men can clear 
only 5 acres per month, or 65 men per acre with the aid of two steam plows 
dragging sleds or chains. Some plantations have brush or koa, taking as many as 
20 men per acre grubbing. Lantana may take 5 to 20 men per acre gnibbing, 
depending on rocks present. 

* American Civil Engineers Hand-Book. 
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B. Steam Plowing: The size of the field, topography, depth plowed, con- 
dition of soil, amount of trash or rocks cause the men per acre to vary. 

For an entire season, one plantation averaged 5 men per acre, to include two 
plowings and two harrowings. One set of steam plows plows between 4 to 8 
acres per day with a total of 2 drivers, 1 on water and fuel, 4 on plow, or a total 
of 7 men. In very rocky land, one set may not make more than 2 acres per day. 
With no rocks, one set averaged 9 acres per day over a 300-acre field on first 
plowing. With a flexible tooth harrow, 12 feet wide, 18 acres were steam plow- 
harrowed in this field. On level land in large fields, with the disc harrow, 35 to 
50 acres per day may be done. Approximately half of the total plowing cost is 
for labor, 

A saving in man and animal labor has been made by several plantations re- 
cently, by substituting a small tractor to pull the water and fuel carts, one tractor 
pulling two water wagons with fuel. 

C. Caterpillar Plowing and Harrotving: With a 60 H. P. tractor, and 3 
gang disc plow, 6 acres per day is good plowing, or one-half man per acre. 
Plowing on a 24-hour shift, the pineapple people figure 15 acres for the 24 hours, 
or 7 acres per day. Good land is plowed at night, the poorer stretches in the day. 
Between 4 and 7 acres is good caterpillar plowing for a 3-disc gang plow, using 
3 men. ‘‘An average duty of machinery is 1.4 acres as a day’s work for each 
foot wide that a machine covers.” (Warren’s Farm Management.) A small 
type tractor can harrow 5 to 8 acres per day. The amount of harrowing done 
depends on the speed and width, but a good figure is “1.5 acres per foot of width, 
with 2 acres per foot width for plows.” (Adams’ Farm Management.) 

D. Animal plowing is done in only the small, unhandy places where the trac- 
tors cannot work. The amount of work per man and animal would vary for 
that reason. The table gives some mainland standards. 

E. The table gives animal harrowing figures on the mainland. 

F. Perhaps the factor most affecting a good day’s work in furrowing is 
topography. If there are many turns, the area furrowed is cut down consid- 
erably. The area furrowed also depends on the width of row ; perhaps 5 feet 
apart is more commonly used. Furrowing is often done on Hawaii by 10" plows 
run both ways in the line. 

G. Preparing, Called ''Hukilepo'" : This operation is done very thoroughly 
on the irrigated plantation to give a good furrow for water. The amount of 
preparing depends on the soil texture. If grassy and lumpy, a man may only 
make 100 lines of 30-foot length per day. Then again he may make 150 and up 
to 200. A big labor saver has come in the use of the canoe plow (modified 
celery hiller). This makes the furrow after mouldboarding in excellent condition 
to plant, in fact, often no further preparing is needed except on the field edges. 
One big horse can be used, and it is best to change off at noon. More often two 
animals pull one canoe plow. One man can drive it, but if there are many curves 
and turns, two men make a better job. They may do 4 acres a day. “Hukilepo” 
in ratoons comes under the term hilling-up. Seventy-five to 150 lines of 30-foot 
will W a day’s work on this operation. 
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Ditching, for irrigated plantations, is most often done by pick and shovel. 
Seventy-five feet for a 2'x2' ditch is good, but this cannon be done if there are 
any rocks. 

H. Cutting Seed: If any plantation job requires knack, it is seed cutting. 
An expert cutter can cut three times the amount a poor cutler might cut. It pays 
to weed out the poor seed cutters and instead of having a large gang giving 
harder supervision, to have a small gang of reliable seed cutters. The amount 
cut per man varies a great deal with the stand of the cane. A man cuts much 
more seed in heavy cane. He loses less time. Some places pay so much per bag 
loaded to the cars, others leave the seed in the field and have packmen pack the 
seed out. The writer believes it best to have the men cut the seed, get it in- 
spected before sewing at the outside of the field, then at the end of the day, have 
each man place his seed on the car or truck. Some new seed cutters may only 
make 8 to 10 bags per man, while expert cutters can make as high as 35 to 40 
bags and pack same out. Some places require the men to sew their own bags, 
others have men to sew and throw out poor seed, and to make full bags. 13 
to 20 bags is perhaps a standard figure per man for top seed. 

I. Hauling Seed in the Seed Cutting Field and Planting Field: Excellent 
packsaddle men are hard to get. An ordinary man may pack only 150 bags 
per day, whereas a good packman can pack 350 bags per day. The number of 
pack animals and distance have a bearing on amount packed. 

J. Planting: Preparing, dropping seed, setting and covering will take 
about 5 men per acre. On irrigated places add 3 men more for first water. 
Assume we have a 20 men gang. We may use 2 men on packsaddle, 5 men 
hukilepo (preparing), 2 men dropping seed, 1 opening bags, 4 on setting seed, 
6 on covering, and we may plant 350 bags, or 5 to 6 acres, det>ending on the seed 
spacing. First water on irrigated plantation will take another 2 to 3 men. Be- 
tween 25 and 35 bags per man is a day’s work for setting seed and covering. 
One unirrigated plantation man figures with a gang of 44 men and boys, 12 will 
be used for preparing, 1 on packsaddle, 8 on dropping seed and opening bags 
(boys), and 24 setting and covering; 360-400 bags will be planted, or 9 to 10 
bags per man. Here, however, setting seed is done by hand, each seed-piece being 
placed by hand at an angle depending on the wetness of the soil. 

- The number of bags per acre and planting rate depends a great deal on the 
width of rows and spacing of seed, for the number of bags of seed may run from 
60 to 100 bags per acre. Figures taken from planting on a plantation over a large 
field, somewhat hilly, indicate a day’s work. One man cut 15 bags seed and 
packed his own seed to car. One man prepared 200 lines of 30-foot length. One 
man planted 36 bags, setting and covering, or 125 lines. One man irrigated 90 
lines on pali, and 150 on level, putting in trash panis. With a gang of 40 men, 
8 were preparing, 13 planting, 19 irrigating. It took 32 men to cut seed for this 
gang of 40 men. 

For sewing bags, 1 pound of twine will tie 120 bags. Figure on one-eighth 
pound per man. 

K. Replanting: This varies so much that it is difficult to give even a general 
idea of a day’s work. It depends on the soil in which the seed is being planted, 
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in the number of openings to be dug and in the amount of replant. No figures 
are available, but the best way to determine the amount is to estimate what per 
cent of the lines is the average to need replanting. For instance, if one-fifth of 
the lines need replanting, we will require about 15 bags per acre for the replant- 
ing. Perhaps this will take 2 men a day to complete. Where the replanting is 
light, the quickest way to do is have each man have a half bag made into a 
knapsack carrying seed. He makes his own hole, drops his seed and covers it. 
This keeps the seed and hole from drying out. Where replanting is heavy, do 
the operations separately. 


Irrigation 

L. (a) First Water: This depends on the system, topography, texture of soil, 
flow of water, and inches per irrigation. On the first three waters, the water 
should be shut as it reaches the end of the line, as there are no roots developed. 
One man can put in panis and irrigate about 85 lines on palis, and up to 200 
lines on the level, but a good average figure for first water is 125 lines, with 
300 lines per acre. 

(b) Small Cane: Often if there is no weeding, a man handles two or three 
watercourses. Then one and a half to two acres may be irrigated per day. Quot- 
ing from W. P. Alexander’s Bulletin on Irrigation of Cane: “The average was 
1.13 acres per man for the standard system before winter, and .76 acre per man 
in big cane lime.” 

Perhaps a good figure to have in mind is 2 men j>er acre in the small cane 
where weeding is done, and 1 man an acre in the larji’e cane. If weeding is 
taking more than 2 men per acre it is a waste of water, and should be done as a 
separate operation, 

(c) Big Cane: The flow of water determines the amount irrigated in big 
cane. The great difficulty is in preventing an over-irrigation, so the use of the 
watch is recommended, and a time per line set. Two minutes per line of v30 feet 
gives about an acre a day with the flow ordinarily used by one man. A man 
should make an acre a day in big cane. If not, the chances are that the 
line is being filled too full, resulting in over-irrigation. The writer has found 
that it is largely a question of overseers as to the speed attained. He has tried 
switching lunas, and finds that the same men can irrigate fully 50 per cent more 
with one luna than with another. 

The amount per day will be larger when irrigating up a watercourse than 
when irrigating down, as the ptois are already made and the man is less apt to 
fill the line too full. 

Allen reports that “one man with a flow of 77,000 gallons can irrigate 1.375 
acres per day by the double lim method, and 1.385 acres per day by the single 
line method.” 

M. Cultivation Contracts: T^se are termed “Long Term Contracts” and 
usually run 460 days or 18 months. The contractors do all the cultivation (hoe- 
ing and irrigating). The number of acres handled per man varies according to 
the amount of weeding to be done, and to the number of irrigations. It varies 
from 5 to 10 acres in plant, to 7 to 13 in the ratoon. An average of all cultiva- 
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tion contracts for 5 plantations for two years is 8.2 acres per man for both plant 
and ratoon. The plant fields are more apt to be taken up on contract unless heavy 
weeding is expected. “Kokua/’ or extra help, is charged to the contract. One 
irrigated plantation figures acres on plant, 8^,4 on ratoon per man. Another 
figures 5 on plant and ratoon, 10 and 13 respectively for another place. One 
irrigated plantation figures 8 to 10 acres on plant per man, 9 to 12 on ratoon. 

Days per Acre: Dividing the total number of man-days spent on the contract 
by the number of acres gives an interesting figure, the days per acre. Taking 
one plantation, plant cane required 30 days per acre, ratoon 20 days per acre. 
This included hoeing and irrigating operations only. Hilling-up and fertilizing 
are usually not charged to the contract. The “days per acre” depends on length 
of time of contract, weeds and number of irrigations, and speed of the men. 

N. Fertilizing: Twelve to 15 bags of fertilizer (125 lbs. each) is a good 
day's work for a man spreading by hand at a 4- or 5-bag per acre rate. New 
men might spread only 9 or 10 bags. Men who have spread for a long time 
might make 20 bags per day. 

The writer presents a sliding schedule in the table that he has worked out. 
showing how the rate per acre determines the men per acre. This would vary 
with the man. Most plantations pay a flat rate per bag regardless of the rate, 
but a man covers more area with the lighter application, so if a contract is made 
by acre, a sliding scale should be worked out. 

O. Hoeing by Acre: Where the grass is very uneven, a contract by acre is 
the type to give; also when the cane is large, or when one hesitates about trust- 
ing a certain luna to count lines. Acre hoeing will take from 2 to 12 men per 
acre. We very seldom hoe in a field with grass that would take less than two men 
per acre. The amount of weeds is determined to a great extent by the moisture. 
Many believe it is as important to get the weeds out of the cane as it is to put 
water on, for weeds soon dry a field out in dry weatlier. 

By Line: Hoeing by line, cither ukupau or contract, is recommended wherever 
possible, to speed uj) the labor and to give a good man a chance to make more 
money. Twenty-five to 150 lines per day, depending on the grass, constitutes a 
day’s work. 

P. Cutting Back: This operation is done with knives or hoes. Often a 
hoeing is given at the same time. More often, the trash is allowed to dry and is 
burned in a couple of days. A man may cut back and hoe only 85 lines, or he 
may cut back with a knife 300 lines. 

Q. Harvesting: In Hawaii, most of the plantations burn the trash before 
harvesting, wherever possible. Where gangs are cutting every day in burned 
cane, and rains make it so that they cannot burn, one will notice that they may 
cut fully 50 per cent less cane. It disgusts them, and they do not try. Were 
they used to it, as on Hawaii where it rains so much and prevents burning, it 
may only lake 25 per cent more men to cut unburned than burned. Where a man 
cuts 5 tons burned, it can safely be figured that he will cut only 3 tons unburned. 
A man can cut more cane in hilled-up cane than not hilled, especially if there 
is trash. 
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On one irrigated plantation, harvesting gangs for a season averaged about 
as follows: 450-525 tons cane per day; 55 men cutting; 10 men average on fire- 
breaks; 45 men loading; 6 on pickups (2 per cent of tonnage was pickups) ; 13 
men portable track; 200 rails laid per day; 15-foot length of rail; 3 rail teams 
with 2 mules each; 5 drivers hauling cane; 20 animals; 10 brakemen. Certain 
fields require less hauling, using fewer teams and men. Heavy cane would re- 
quire fewer men per ton cane for hauling, etc. 

On the unirrigated plantations, the same gangs usually cut and then pack 
to the flumes. The amount of cane flumed will vary as to the grade of the 
flumes and the water available. 

R. Palipali: This operation is the piling of the trash in the row, requiring 
2 to 3 men per acre. Most plantations burn the trash. The most eflfective and 
quickest work can Te done in the early morning when the trash is wet. 

S. Stripping: Most of the unirrigated places give one stripping, taking 
anywhere from 2 to 6 men per acre. 

T. Cultivation: With cultivation work, it is very hard to work up a stand- 
ard. Condition of soil moisture, weeds, rocks and topography are influencing 
factors. Often cultivators have to go three or four times, so that man-days per 
acre is variable. 

Hilling-Up: After the plows have done the hilling, a certain amount of light 
hoeing and '‘hukilepo'’ or pulling up the vSoil is necessary. Eighty to 140 lines 
can be done, 30 feet in length. A line ukupau can be given, but it is fairer to 
give an ukupau for so many men to a ditch, easily figured when the area is known. 

U- Miscellaneous: These miscellaneous duty of labor notes are taken largely 
from the writer’s various notebooks from plantation trips, and are merely indi- 
cations of a day’s work. 

Poepoe: This term is used on a few plantations to apply to a hilling-up of 
the cane. It is an Hawaiian term meaning to ^Tound” out, or ‘"circular.” It is 
usually done by pick or hoe. Seventy-five lines is a good day’s work. 

Cane Tops for Stables: On the unirrigated places, with Yellow Caledonia 
cane, it is very easy to get good cane tops, and one man may supply enough for 
100 animals. On an irrigated place, however, with other varieties, one man often 
can only cut enough for 50 animals. As in seed cutting, there is a knack in this 
job, and one man having it could not be replaced with three men. 

Most of the other topics under “Miscellaneous” are self-explanatory, and 
are what have been done under certain conditions. 
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Fuel Economy in the Cane Sugar Factory* 


By G. H. W. Barnhart 

The subjects of Fuel Economy, Fireroom Efficiency, and Heat Conservation 
have been well covered in previous papers before this and other Associations, 
and the writer feels that further discussion of these subjects would be a needless 
repetition. However, there are some points which came up at the meeting last 
year, also some queries this year, which have prompted the presentation of the 
following relative to economical size of mill engines, choice of mill electrical 
power plant equipment, quantity of boiler heating surface for an economical 
utilization of the bagasse produced, economizers, presence of carbon monoxide 
in flue gases, insulation of hot piping in the factory, sizes of steam lines, “extra 
steam” and filter pressing, which may be of interest. 

The general rule for power required in an engine driving a tworoll crusher 
is fifteen indicated horsepower per ton of fiber ground per hour; thirty per ton 
fiber ground in a three-roller crusher; and thirty per ton fiber hour for each 
three-roller mill in a train. This includes power necessary in operating juice 
strainers and cUvsh-cush elevators, bagasse elevators and other equipment incident 
to a mill. It is further based on an hydraulic i)ressure of 73 to 80 tons per 
lineal foot of top roller. The grouping of crusher and mills with reference to 
engine drive varies with the installation and designer. The arrangement being 
known, the power required in the respective engines is readily computed. The 
choice of speed for crusher or mill engines depends on two considerations. A 
slow si)eed involving a minimum of reduction gearing necessitates a very large 
engine. A high speed with a large gear ratio is not desired, mainly because of 
the fact that breakages are likely to occur and it is necessary to bring the engines 
to a stop in as short a time as possible. Furthermore, there is a practicable limit 
to piston speed. In crusher engines a speed of seventy-five is the maximum 
desirable, while for mill engines sixty to sixty-five has been found to be the 
practicable limit. The maximum pressure a boiler can carry determines to a 
great extent the pressure at which the mill engines will operate. A careful study 
of Corliss engine diagrams and steam consumption data indicates a minimum 
steam consumption where the mean effective pressure is about forty per cent of 
throttle pressure. Reference to the accompanying diagram will indicate to what 
extent the steam consumption increases or decreases as the mean effective pressure 
varies from this figure. For a factory grinding fifty tons of cane per hour 
with a throttle pressure of one hundred and fifteen and a back pressure of five 
pounds the difference in consumption could readily be fourteen hundred pounds 
per hour equivalent to two per cent of the bagasse. In an extreme case where 
the pressure is double the optimum, as where an engine operates just short of 
the point where it would take steam “full stroke,” the extra consumption would 
be equivalent to nine per cent of the bagasse. 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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The ideal arrangement for a mill power plant where much outside power is 
supplied is a non-condensing turbo-generator running in parallel with a con- 
densing unit, the former to be controlled by a back pressure regulator which con- 
trols the load on it so that the pressure in the exhaust lines will be maintained at 
a constant predetermined point. By this arrangement there will be no serious 
perturbations in the back-pressure system, the quantity of exhaust steam being 
always equal to the demand by evaporator, pans, and heaters, no live steam being 
used in these apparatus, the condensing load being maintained at a minimum. 
The size of non-condensing unit depends entirely on the extent to which the 
principle of “extra steam” is applied in the factory. The size of condensing unit 
will depend on this, and in addition the outside load to be carried. A fair estimate 
of the requirements can be made in each case, but it must be remembered that the 
demand for exhaust steam varies considerably according to the fluctuations in 
the boiling house and each unit must be designed for this variation. However, 
the extreme ])eak load in the case of the non-condensing unit occurs but a very 
small part of the time and can possibly be neglected, as electrical equipment of 
this type is designed to carry definite overloads for short intervals without harm. 
The next consideration is the steam rale of the unit. Whereas in central power 
stations most units are ])nrchased on a basis of full load efficiency and operation 
is so controlled that only the most efficient machines are delivering power, in the 
case of a cane sugar fac'.ory each of the machines mentioned should be pur- 
chased on a basis of average efficiency over the ranges indicated. It will be 
a|)])reciated at this point that for a given exhaust steam demand, for every kilo- 
watt additional that the non-condensing unit can carry, due to a lower steam rate, 
the load on the condensing unit is reduced accordingly and a corresponding sav- 
ing made in l)agas.se or in the extra fuel bill. 

Standard practice indicates a l)oiler heating surface of 430 S(juare feet in fire 
tube boilers for each ton of cane ground |)er hour. This corresj)onds to 375 
square feet in water tul)e boilers. Both take into consideration the heating sur- 
face which may be out of commission for cleaning, etc. Assuming that a boiler 
oj^erates at rating with flue gases at 500'' F., then with other conditions favorable 
the increase in flue gas tem])eraturc will increase the mean temperature dif- 
ference and the rating in proportion. The ratings and other data will then be: 

Pounds Steam 


ri*nii)ei'ature 

►Square Feet Heatiiifj Surface 

I*er Cent of 

Boiler Ratiii<? 

From 212" F. 

Flue Gase^ 

Fire Tul)e 

Water Tube 

Heating 

I*er Cent 

to Steam at 




Surface 


125 Lb.s. Gauge 

700® F, 

283 

236 

62.9 

135.0 

2.66 

650 

312 

260 

69.2 

127.2 

2.74 

600 

353 

294 

78.5 

119.0 

2.83 

550 

395 

329 

87.8 

109.6 

2.91 

500 

450 

375 

300.0 

100.0 

3.00 

450 

530 

442 

117,9 

87.2 

3.09 

400 

676 

563 

150.1 

71.8 

3. IS 


Evidently an increase in rating by raising the flue gas tem])erature is at a 
sacrifice in efficiency unless the heat lost can be regained by means of economiz- 
ers. The accompanying diagram indicates the rise in temperature in boiler feed 
water from an initial temperature of 212° F. with economizer surfaces installed 
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between the boilers and stack. The central diagram indicates evaporation per 
pound of bagasse for corresponding flue, gas temperatures and heating surfaces, 
while the diagram on the right gives the evaporation per pound of bagasse with 
varying combinations of boiler and economizer surface. To obtain, for example, 
three pounds of steam from each pound of bagasse three combinations are possi- 
ble, viz., 450 square feet of heating surface in fire tube (375 in water tube) 
boilers per ton of cane ground per hour ; 353 square feet of fire tube surface and 
131 square feet (37 per cent) of economizer surface; or 283 square feet of fire 
tube surface and 232 square feet (82 per cent) of economizer surface. Recent 
prices covering boiler and economizer installations indicate a price of $3.50 per 
square foot for economizer surface installed and $3.25 per square foot for boiler 
surface installed. A comparison of these and other combinations indicates that 
for equal costs an all-boiler installation will invariably show a better economy than 
a combination of boiler and economizer. This is of particular interest since 
operation of an economizer under bagasse burning conditions entails difficulties 
due to the high moisture content of the heated vapors and a continually lowering 
heat transmission rate due to the accumulation of particles of bagasse carbon in 
spite of mechanical scrapers. These particles of bagasse carbon have been de- 
scribed as excellent material for insulating purposes and their accumulation on 
the tubes of the economizer undoubtedly reduces its efficiency considerably. 

In general, bagasse may be said to be burned with a high degree of efficiency 
if the percentage of CO^ is from 12 to 14 and the flue gas temperature from 
500° F. to 600° F. The writer has gained the impression that those in charge 
of boiler room operation are inclined to admit too much excess air to their fur- 
naces in order to prevent the formation of any carbon monoxide. This term has 
been stressed to the point that it would appear to be the '‘unpardonable sin’^ of 
boiler room operation to have CO detected in one’s flue gases. Reference to the 
accompanying set of diagrams will indicate to what extent CO may be tolerated 
in flue gases. If 12 per cent CO^ seems to be the safe upper limit for flue gases 
without CO, then with gases at 5(X)° F. and moisture per cent bagasse at 35 the 
evaporation F/A 212° 1". is 3.5 pounds per pound of bagasse. Then if the CO 
does not increase above 0.26, 0.54, 0.73, 0.94, 1.20 or 1.46 per cent respectively 
as the C(X, is increased to 13, 14, 15, 16, 17 or 18 per cent, just as good work 
is being done in evaporation. The four diagrams given will supply all informa- 
tion required covering the usual range of fireroom practice. Some of the advan- 
tages resulting from decreasing the excess air are decreased load on the stack, 
a hotter furnace, a higher boiler rating, and a lower flue gas temperature. 

Measurements of piping indicate 287 square feet of radiating surface on an 
average for each ton of cane ground per hour. Of this 189 square feet, or 66 
per cent was due to live and exhaust steam piping. Evaporation from bare pipe 
would be equivalent to 12.64 per cent of the total bagasse produced, while with 
1" Magnesia covering it would be reduced to 1.61 per cent, and with 1.5" cover- 
ing it would be reduced to 1.46 per cent. The writer has in mind several factories 
where, on account of insufficient, poor, or no insulation on the return piping, 
the temperature of condensate is or has been as low as 160° F. In one instance 
where attention has been given to this detail the average temperature of the 
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return has been increased to 210-212° F. resulting in a saving of slightly over 
five per cent, each ten degree rise being roughly equivalent to a one per cent 
saving. A further saving, not so easily measured, can be accomplished by the 
insulation of all steam cylinders, traps, hot juice and syrup lines, heaters, pans, 
evaporators, settling tanks, and other hot surfaces. The indirect gain will be a 
cooler factory and more contented operators. The electrification of cane sugar 
factory equipment as practiced in Hawaii should reduce the radiation surfaces 
due to live and exhaust steam piping by fully one-half, while careful considera- 
tion of the arrangement and location of the various apparatus should account for 
a further reduction in the quantity of piping. 

The proper size for a steam line is generally a compromise between a small 
pipe necessitating a high velocity and large pressure drop, and a large line 
occasioning a less velocity and smaller drop in ])ressure but accompanied by a 
higli radiation loss. A dro]) in pressure caused by friction is not a loss of energy 
because the energy reappears as heat. If the steam entering the line is wet, this 
heat tends to evajKjrate the moisture in the sleam. If the steam is initially dry, 
the heat tends to superheat it, or if initially su])erheated, to add to the superheat. 
The e(juii)ment to whicli the steam is delivered determines whether this heat 
gained at the expense of a drop in |)ressure, is utilized or wasted. In general 
the boilers, the steam lines, and the steam consumers are dependent, each on 
the other, and all should be considered in the determination of the size of steam 
line, and the economical size of line is such lhat the cost of fuel required to 
generate steam for the operation of the equipment, jdiis the fixed charges and 
maintenance on the line, are a minimum. 

The extra use of steam — contracted in general usage to '‘extra steam” — has 
beet! discussed frequently as a means of conservation of fuel both in cane and 
beet factories. In the former the use of double, tri])le, quadruple and even 
cjuintuple effects marks the first step in this process. The use of pre-evaporators 
su])plying va])ors for all heating is the second stej) and will accomplish a seven 
l)er cent saving in steam in a factory now ap])lying the “extra steam” principle 
only in so far as it uses a cjuadruple etTect. h'urther ajqdications of this principle, 
which will not be mentioned here, are in common use in beet factories and may 
effect uj) to a v31 ])er cent saving in steam on quadru])le effect evaporation alone. 
The recently advocated pressure evaporation as described by Mr. 1'crry prol)al)ly 
will not find much, if any, application in cane factories owing to dissimilar con- 
ditions. The steam compressor, while of advantage in a factory which lacks 
sufficient heating surface in evaporator or pans, is not an ideal apj^aratus since 
it requires live steam in the ratio of about one to one to “boost” the pressure. 
Where there are no outside power requirements this apparatus is of advantage, 
particularly where live steam is ordinarily used to make up a deficiency in exhaust 
steam. It is probable also lhat it would be used only in the final stages of boil- 
ing when the total live steam consumption would be slight. 

Fuel economy may be effected at the heater station by the use of well in- 
sulated, baffled, heaters while the use of a comparatively high back pressure in the 
factory will result in a minimum of heating surface with a corresponding reduc- 
tion in loss by radiation. 
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Recent developments indicate that the Hawaiian standard of seventy-two 
cubic feet of settling capacity per ton of cane ground per hour is insufficient. 
Juices with less than 0.02 per cent phosphoric acid do not settle well even with 
an excess of lime or capacity. Those with 0.03 to 0.04 per cent phosphoric when 
limed to phenol alkalinity will settle and leave a limpid juice with somewhat 
more than seventy-two cubic feet, while those with more than 0.05 per cent phos- 
phoric acid require well over a hundred and ten cubic feet. This increase in 
settling capacity naturally increases the radiating surface in tanks. h"or practical 
reasons it is advisable to have from six to eight settling tanks at this station. 
The very slight increase in settling time due to a greater number of smaller tanks 
is not warranted by the increased expenditure or increased attendance necessary. 
Furthermore, the smaller number of larger tanks involved a smaller radiating 
surface which should be insulated to the practicable limit. 

Pre-evaporators, vacuum pans, evaporators, and juice heaters, have heating 
surfaces, and correspondingly large bodies, which vary inversely as certain 
functions of the steam pressure in the boiling house. As this pressure is in- 
creased either the rate of work is increased, or the size of apparatus can be 
decreased for a given amount of work. At the same time the steam lines sup- 
plying these apparatus can be reduced in size. Each of these apparatus and also 
the steam lines to them should be properly insulated. 

A large amount of heat is lost at the filter press station on account of the long 
cycle involved. An added loss is that due to the prolonged washing which adds to 
the amount of work at the evaporator station. The Kopke separator is the only 
means the writer knows of whereby the cycle can be shortened and the quantity 
of water lessened. This equipment has been given a partial trial during the 
past season and has demonstrated its possibilities so well that centrifugal separa- 
tion of settlings will be given a thorough trial on a factory scale during the 
coming year. A consideration from the standpoint of fuel economy would in- 
volve a comparison of power required to drive the centrifugals together with 
the slight radiation loss, with the extra quantity of wash water to be evaporated 
together with the large radiation loss and loss by inversion of sucrose in the 
case of filter presses. 

Four factors, probably, have contributed to the gradual increase in heating 
surface required in pans, evaporators and heaters in the cane sugar factory. 
These are: (1) An increase in the grinding rate, which is a natural result of an 
increase in acreage, of intensified agriculture, of the aim of the operating force 
to take off crops during periods which will net the greatest returns to the planta- 
tion, and of car shortage. (2) An increase in power requirements, due to the in- 
troduction of the Messchaert groove, which, eliminating practically all feeding 
difficulties, has enabled ‘'setting-up'' rollers and increasing the hydraulic pressures 
carried. (3) A decrease in the operating pressure possible in some factories, due 
to the lifnitations of lap-seam boilers and to age in other boilers; and (4) The 
introduction of the calandria type of vacuum pan, permitting faster boiling, and 
the substitution of exhaust steam in the calandria for live steam in the coils, 
which has lead to increasing the ratio of heating surface to capacity from 1 to 2 
to l.i? to. 1 and in some eases 2 to 1. The net result of the first three items 
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has been an increase in the quantity of exhaust steam produced. Back pressures 
have increased gradually, and where sufficient evaporator surface has i>ermitted, 
evaporation of syrup to a higher density has been practiced. Water added per 
cent cane has gradually increased and the evaporation of this has helped reduce 
the surplus exhaust. Unable or unwilling to purchase and install boilers for 
higher operating pressures or to install more economical mill engines, the only 
remaining expedient of increasing the heating surfaces in pans, evaporators and 
heaters and of burning extra fuel when and where necessary, has been resorted to. 

This procedure, the writer feels, is an incorrect and uneconomical one. The 
installation of an additional pan, a heater, and sometimes the substitution of a 
larger evaporator, should not be made as a means of reducing exhaust pressure, 
as this will not be accomplished, unless at the .same time, more liquor from which 
evaporation can take place, is introduced into process. Provided the heating sur- 
faces permit, an actual saving in fuel will be made if the blow-off is set to oi>erate 
at a lower pressure and the surplus exhaust wasted. The logical procedure in 
practically all of these difficulties is to replace prime movers which are uneconomi- 
cal of steam, with apparatus having lower steam rates, or better still to install 
the more economical apparatus in the first instance, and a surplus of bagasse, in- 
dicating that extra fuel is no longer needed, will be the direct result. 


Cultivation and Weed Control* 


By W. L. S. W 1 LLIAM.S 

For some 3 ’ears, the opinion has been gaining strength that the main purpose 
of cultivation is the control of weeds. Aeration and loosening of the soil, and 
drainage, or the conservation of soil moisture, as reasons for cultivating the 
land, arQ coming to be looked upon as secondary in importance, except in the case 
of plowing and preparing land for planting. This opinion is borne out by the 
results of cultivation experiments carried on by the Experiment Station, 
H. S. P. A., a tabulation of which is given in the Hazmiian Planters Record for 
July, 1924. This series of experiments, covering both irrigated and unirrigated 
plantations, from Kauai to Hawaii, shows that an average loss of 0.2 ton of 
sugar per acre was recorded from all plots where plows were used, as compared 
with plots where weeds were controlled by hoes and light cultivators. Similar 
results have been obtained by the U. S. Department of Agriculture working with 
corn, no increase in yield being obtained from deep cultivation, as against the 
omission of the practice, so long as weeds were kept out of the crop in both cases. 
Quoting Mr. Verret: ‘This shows that, for average conditions, deep cultivation 
with plows in growing cane cannot be expected to raise the yield of sugar in 
itself. The benefits obtained come through weed control.'' 

^ Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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The widely varying conditions on the plantations in these Islands give us all 
our individual problems in weed control. In the irrigated districts, part of the 
problem will be in keeping weed seeds out of the irrigation water, while weeds 
which come up in the cane must be controlled by hoeing, the use of animals in 
lines laid out for irrigation being practically impossible. With the new system 
of overhead irrigation now coming into use, cane is planted in straight lines, 
and animals can be employed. In the drier, unirrigated districts, weed control 
and the conservation of soil moisture are intimately associated. In the very wet 
districts, drainage is secondary only to the control of weeds. 

With the ordinary operations, burning, palipali-ing, off-barring, hoeing, cul- 
tivating, small plowing, hilling, weeding, and stripping, we are all familiar. 
Paper mulching and arsenic spraying are methods of weed control not in such 
common use. Combinations of some or all of these operations are used on all 
plantations, the routine combination for any given place being the outgrowth of 
experience in meeting the conditions obtaining on that plantation. In general, 
the combinations of operations used fall into the three classes of : irrigated lands, 
where weeds are controlled by hand labor; unirrigated dry lands, where weeds 
in the cane row are controlled by hoeing, the centers between the lines being kept 
clean by animals with light implements after off-barring; and, unirrigated wet 
lands, where weeds in the cane row are controlled by hoeing, hand weeding, and 
sometimes paper mulching, while the weeds between the rows are kept down by 
animal cultivation with plows alternating with lighter implements, some hand 
labor hilling-up, and sometimes arsenic spraying. 

On irrigated lands, where animals are rarely used for cultivating in the 
growing cane, the problem of disturbing the cane roots is not encountered. On 
the unirrigated plantations, however, this is not the case. The use of plows in 
weed control on unirrigated lands can scarcely be avoided, unless paper mulching 
and arsenic spraying are resorted to. We find that we must off-bar in order to 
have loose soil for light implements to work in on the drier lands, while in wet 
districts we must not only off-bar, but split the centers of the rows and hill-up 
afterwards to get rid of the heavy growth of weeds between the lines. For 
unirrigated plantations, it is, then, necessary to get the off-barring done as early 
as possible, preferably immediately after burning off, before many roots have 
formed. After early off-barring, particularly in dry weather, damage may be 
done to the stools by drying out, so it is usually good policy to follow off-barring 
by light cultivators to push the loosened soil back against the stools. In dry dis- 
tricts, weeds in the kuakua can subsequently be controlled by alternate cultiva- 
tions with Horner harrows and Planet Jr. cultivators. In wet districts, where 
plows must be used in conjunction with lighter implements, the earlier the plow- 
ing and hilling-up are done, the less damage will be suffered by the cane roots. 
It has been found unnecessary to wait for the cane to close in before hilling- 
up where the cane has a vigorous growth. 

It is interesting to note how the combinations of operations in use on the dry 
and wet lands conform to the secondary considerations of conservation of soil 
moisture and drainage. In the dry lands, the fields are left practically level, thus 
exposing the least surface to the drying action of sun and wind. In the wet dis- 
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tricts, the cane is left on the ridges with shallow furrows between, which help 
to drain off excess water, and allow some of the roots to get air, even in long 
continued periods of rainfall. 

In the foregoing, nothing has been said about replanting. In the end, it is 
the cane itself which controls the weeds in our fields. All we have to do is to 
give it a start and get it closed in. This cannot be done unless we have a full 
stand of cane, which in turn depends on keeping our sled and wagon roads, flume 
and portable track lines, and all other blanks filled up from crop to crop. In the 
wet districts, transplanting stools for small blanks, and planting up larger areas 
with seed is the practice. In dry districts, stool transplanting cannot be prac- 
ticed successfully, and filling small blanks with seed is unsatisfactory unless done 
very early. 

Before closing this brief paper, mention should be made of three or four prac- 
tices which will be taken up more fully in the discussion to follow. Splitting 
lines in place of regular round plowing, as preparation for planting has been used 
quite extensively for the past few years. Puka planting, in place of planting in 
lines, is coming up in connection with work in bud selection. Soaking of cane 
seed in a dilute solution of nitrate of soda has been suggested as a method of 
speeding up germination, and increasing the growth of young plant cane. 
Stripping, not with regard to its benefits to the crop on the ground, but as it 
affects the control of weeds in the following crop, is again a subject for dis- 
cussion. 

Our mills have reached the ])oint where improvements are noted in fractions of 
one per cent, but records are still being broken in the production of sugar per acre. 
When yields run from two tons up to the record of eighteen tons of sugar per acre, 
with the average for the Territory at less than six tons, it is evident that the pos- 
sibility of increasing our average yield of sugar per acre by fifty per cent is by no 
means hopeless. It is through intensive cultivation, and the raising of our stand- 
ards in the field, that the sugar industry in Hawaii must hold its own. 


Notes on P O and K O Determinations in Crusher Juice 

2 S 2 ^ 

at Pioneer Mill Company* 


By J. H. Pratt 

This work was continued during the 1924 crop as part of the regular labora- 
tory routine. To date we have a total of 1,518 PoOr^ and 1,426 K 2 O determina- 
tions (not counting special samples) and have taken samples from 136 out of 147 
fields. Five of the remaining eleven fields will be harvested in 1923, so that the 
plantation will be pretty thoroughly covered. 

A comparison of the averages for the three crops is shown in Table 1. As a 
rule the K^O was lower in 1924 than it was in 1923. No reason for this is 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1024. 



32 


known, but it is probably a seasonal variation. The PgOg averages, however, 
seem to check closely. There is a narrow strip, consisting of Fields E 3, F 4, 
G 3 and 4, H 4, and I 4, which is much lower in K^O than the adjoining fields, 
especially at the makai end. In both years, the fields on the Kaanapali side of 
this strip were found to be lower in both KgO and P20g than were those on the 
Lahaina side of the strip. This accounts for the averages of ‘Ti’’ and being 
higher in 1924 and “F’ being lower. The P2C)5 is higher in Fields LD, MD and O 
in 1924 than it was in 1923 and 1922. This, I think, is due to errors in analysis. 
During the past year, quite a number of samples from these fields were found 
to give a '‘false end point.” This was not noticed in 1923, except in the case 
of Yellow Caledonia cane from Olaa, in which it was very marked. 

The plant cane is again lower than the ratoons from the same or adjoining 
fields and in about the same proportion as in 1923 : 

P 2 O 5 , higher in 28 out of 38 comparisons; average difference 19.84% 

P 2 O 5 /IOO Brix, higher in 26 out of 38 comparisons; average difference 17.63% 

K 2 O, higher in 24 out of 37 comparisons; average difference 15.07% 

K 2 O/IOO Brix, higher in '^5 out of 37 comparisons; average difference 14.73% 

The short ratoons are again higher than the long ratoons in P2O5, being 
higher in 70 per cent of the comparisons. The average difference is 9 per cent. 
They are about the same in K^^O. 

As very few of the groups of fields were harvested during every month of 
the crop, it is rather difficult to compare the effect of the time of cutting on 
the P2OJ, and KgO. After considerable experimenting a fairly simple method 
was invented, which also has the advantage of making allowanee for the number 
of samples taken during the various months. The K^O shows a steady decrease 
from December to the end of the crop for both crops. The only exception to 
this rule is April, 1924. The shows an increase to a peak in February and 
then a gradual falling off to the close of the crop. This is also true for both 
years, except for March and April, 1924. 

The effect of the variety of cane on the PgOj. and K^O in the juice is about 
the same as reported in 1923. Based on comparisons of fields and not on a few 
sticks or stools, H 109 seems to take less and K^O from the soil than any 

other variety. In 18 comparisons, Striped Mexican is 2 per cent higher in PoO- 
and 11 per cent higher in K^O. Lahaina is 8 per cent higher in PgOj^, but 3 
per cent lower in KgO In 11 comparisons. D 1135 is even higher, in 10 com- 
parisons, it had 12 per cent more P^O^ and 32 per cent more K^O than H 109. 
Judging from one comparison and. from several analyses of a few sticks. Yellow 
Caledonia takes more PgOg from the soil than any of these four varieties. 

As in i923, there is no direct relationship between the P2O5 or KgO and 
either the tons of cane or sugar per acre. The average of the fields yielding a 
juice low in PaGg or KgO shows less cane to the acre and a much better quality 
ratio t|tan in the average pf the fields which are higher in these ingredients. The 
'‘TC/t'S” for the crop are : 
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PaOs 

8.58 

K2O 

8.33 


8.26 

8.05 

Intermediate fields 


7.37 

fields . , 

7.50 

7.25 

Low fields 

7.04 

7.05 


This is interesting, although how much of it may be clue to the PaOjj and 
K„0 is rather problematical. The ^‘high’’ fields, for instance, have practically 
all the short rafoons, they have more tons of cane to the acre, and they get a 
much larger proportion of pump water. On the other hand, they were cut near 
the close of the crop when the juice was better than it had been previously. 

The relative amounts of cane with varying amounts of P 2 O. for the last two 
crops are shown by the following figures : 


PyOr, per 

Approximate 

Crop of 

1923 

Crop of 

1924 

100 Brix 

Per cent P2O5 

Tons Cane 

Per cent 

Tons Cane 

Per cent 

.000-050 

.00-. 01 

37,084.802 

16.70 

65,701.084 

25.11 

.050-. 100 

.01-.02 

99,107.272 

44.64 

78,556.247 

30.02 

.100-. 150 

.02-.03 

39,662.662 

17.87 

49,808.299 

19.03 

.150-.200 

.03-.04 

23,198.764 

10.45 

23,781.407 

9.09 

.200-.250 

.04~.05 

6,577.551 

2.96 

21,314.663 

8.14 

.250-.300 

.05-.06 

16,387.640 

7.38 

17,391.013 

6.65 

.300-.350 

.06-.07 



5,117.629 

1.96 

Totals. . 
Average 

PoOr, per 100 

. . . 222,018.691 
Brix .1013 

100.00 

261,670.342 

.1144 

100.00 


The amount of P 2(\5 necessary in mixed juice for a good clarification is 
from .035 to .04, which is eciuivalent to from .047 to .053 per cent in crusher 
juice. It is interesting to note that less than 10 per cent of our cane has this 
amount. 

TABLE 1 

Number of Samples and l*er cent (per 100 Brix) 

^ P^C)^ , K2O s 

1922 .1923 1924 Average 1923 1924 Average 


Field 

No. 

% 

No. 


No. 

yr 

No. 

% 

No. 


No. 

% 

No. 

% 

A ... 

.6 

0.666 

4 

0.028 

36 

0.054 

46 

0.053 

4 

0.827 

36 

0.548 

40 

0.576 

B ... 

.14 

0.095 

46 

0.063 

81 

0.067 

141 

O.O68I/2 

50 

0.902 

80 

0.507 

130 

0.659 

C ... 

. 5 

0.130 

32 

0.113 

42 

0.117 

79 

0.116 

29 

2.055 

41 

1.622 

70 

1.801 

D . . . 



23 

0.214 

44 

0.218 

67 

0.217 

19 

1.679 

42 

1.574 

61 

1.607 

E .. . 

. 3 

0.057 

12 

0.052ya 

17 

0.062 

32 

0.058 

12 

0.798 

18 

0.650 

30 

0.709 

F ... 

. 3 

0.058 

27 

0.052 

34 

0.055 

64 

0.054 

28 

0.789 

34 

0.510 

62 

0.641 

G . . 

. 2 

0.060 

16 

0.057 

30 

0.084 

48 

0.074 

17 

0.562 

29 

0.550 

46 

0.554 

H . . 

. 3 

0.105 

26 

0.097 

113 

0.122 

142 

0.116 

25 

1.640 

111 

1.520 

136 

1.542 

I .. . 

. 9 

0.206 

5 

0.222 

46 

0.149 

60 

0.164 

6 

1.864 

45 

1.567 

51 

1.602 

LA . 



31 

0.066 



31 

0,066 

31 

0.684 



31 

0.684 

LB . 

. 2 

0.116 

37 

0.113 

10 

0.118 

49 

0.114 

36 

0.875 

10 

0.566 

46 

0.808 

LC . 



48 

0.191 

16 

0.218 

64 

0.198 

46 

1.494 

16 

1.610 

62 

1.524 

LD . 



24 

0.188 

15 

0.237 

39 

0.207 

23 

1.774 

15 

1.696 

38 

1.743 

0 ... 

. 5 

0.232 

50 

0.233 

124 

0.264 

179 

0.254 

48 

1.840 

124 

1.860 

172 

1.854 

MA . 

. 6 

0.074 



53 

0.088 

59 

0.086 



53 

0.729 

53 

0.729 

MB . 

. . 


13 

0.115 

67 

0.103 

80 

0.105 

13 

1.002 

65 

0.961 

78 

0.968 

MC . 

. 4 

0.239 

6 

0.178 

75 

0.169 

85 

0.173 

5 

1.767 

76 

1.470 

81 

1.488 

MD . 

. 4 

0.214 

4 

0.204 

110 

0.271 

118 

0.267 

4 

2.032 

109 

1.776 

113 

1.784 

30-34 

3 

0.065 

48 

0.049 

37 

0.046 

88 

0.048 

46 

1.288 

37 

0.728 

83 

1.050 


2 

0.100 

16 

0.076 

29 

0.123 

47 

0.108 

16 

0.695 

27 

1.004 

43 

0.889 

Ave. 

71 

0.X28 

468 

0.121 

979 

0.152 

1518 

0.141 

458 

1.286 

968 

1.267 

1426 

1.273 


3 
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True Averages (based on the tons of cane), P 2 O 5 per 100 Brix 


Plant Long Ratoons Short Ratoons Average 

1»24 Crop 0664 .1286 .2277 .1144 

1923 Crop 0622 .1062 .2289 .1013 


Clarification* 


By W. R. McAllep 

The results of our previous investigations have been discussed thoroughly 
enough at these meetings and during factory inspections so that it seems hardly 
necessary to take up in this paper such subjects as obtaining the maximum in- 
crease in purity, the bacteriological considerations involved, the effect of cush 
cush, etc. 

Laboratory work at the Experiment Station during the past year on this 
project has consisted of: (1) Correlating and studying data secured by H. F. 
Bomonti on the characteristics of hot clarified juices. (2) Further investiga- 
tions by H. A. Cook on points developed by Mr. Bomonti's work. (3) Work by 
Mr. Cook on developing adequate and practicable means for controlling the 
clarification. 

The work by Mr. Bomonti, which has been published in the October Record, 
was undertaken to obtain definite information based on experiment on the 

changes taking place in juice while it is held at high temperatures, that is, from 
the time it passes through the heaters until lower temperatures are encountered 
in the evaporators. Comments have been made previously on portions of this 
work, it having been pointed out that inversion of sucrose was definitely demon- 
strated in slightly alksilme juices but could not be detected at higher alkalinities. 
Also that though glucose was destroyed during clarification at alkaline reactions, 
further destruction was mot detected during the digestion of the juice at high 
temperatures, 

On compiling and studyii^ data as a whole, the indications are strong, that 
from a practical standpoint, line of the most important factors with which we 
have to deal in factory opeflition is development of acidity, particularly that 
taking place at temperatures too high for the development of bacteria. 

The term development of acidity is here used to designate a change in the 
direction alkaline to acid. In addition to development of acidity due to bacterial 
action, development of acidity takes place in two ways which bear little relation 
to each other. One is an increase iti the total amount of products of an acid 
nature. The other is an increase in the activity of the acid. The following 
comments refer to juices not more alkaline than a slight^kaliniiy to phenolphtha- 

%Presented at Thir4 Attnual Meeting of Association of Hawaiian Sugar Technologists, 
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lein, which reaction we consider about as alkaline as is at all practicable in raw 
cane sugar factories. 

In these experiments increase in the amount of acid producLs was measured 
by tilration with phenolphthalein and litmus. On the basis of phenolphthalein 
titration, increases in the quantity of acid products proceeded at about the same 
velocity in alkaline and acid juices. On the basis of litmus titration, there was 
somewhat of a tendency for it to proceed more rapidly in the more alkaline juices. 
With both indicators increase In the quantity of acid products took place much 
more rapidly as temperatures were increased. 

Acid acts as a catalyzer in the hydrolysis of sucrose; that is, it causes inver- 
sion of sucrose without being consumed. The activity of acid, in other words 
the hydrogen ion concentration, is therefore of much greater importance in sugar 
factory practice than the quantity. On the basis of activity, development of 
acidity at a given temperature proceeds very slowly in the more alkaline juices. 
In the more acid juices, development of acidity is many times as fast. Also on 
the basis of activity the development of acidity becomes much faster as tempera- 
tures are increased. 

It has been the general opinion in factory practice, that alkaline juices be- 
come acid faster than the acid juices. Perhaps this is partly due to the fact that 
litmus has been the indicator commonly used. In the light of data secured dur- 
ing this investigation, this theory is quite contrary to the actual facts, at least so 
far as the really significant factor, hydrogen ion concentration, is concerned, and 
within the range of reactions practicable in sugar factory operation. 

We have little information on the nature of development of acidity further 
than that it is a factor of time, temperature, and reaction of the juice. It has been 
ascribed to the destructive action of lime on glucose, but available data strongly 
indicate that this cannot be a major factor. It has been noted in the canning 
industry, where no alkali has been added. It is probably a characteristic of most, 
if not all, plant juices. Oils also show a similar characteristic, this being particu- 
larly noticeable in steam turbine operation. 

These data positively indicating inversion of sucrose in slightly alkaline juices, 
make it appear most probable that inversion in juices proceeds approximately in 
proportion to the hydrogen ion concentration. Inversion in slightly alkaline juices 
is not at all inconsistent with our modern conceptions of acidity, neutrality and 
alkalinity. Neutrality means that hydrogen and hydroxyl ions are present in 
equal concentrations, not the absence of disassociated ions. In passing from 
neutrality to alkalinity, that is, from 7 to higher pH values, hydroxyl ions increase 
with a corresponding decrease in hydrogen ions, the product of the two remain- 
ing constant. Thus hydrogen ions are still present even in alkaline solutions, 
though in greatly reduced quantity. There is little reason to believe that the 
activity of the remaining hydrogen ions is changed. From this point of view, 
some inversion would be expected in slightly alkaline juices and indeed it would 
have been rather surprising had it not been detected. 

While destruction of glucose has been noted during the more alkaline clari- 
fications^ there has been little, if any, evidence of its further destruction, when 
the same juices were further digested, at high temperatures. 
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The above considerations indicate the desirability of as alkaline a clarification 
as is practicable. While ill effects that might be anticipated from destruction of 
glucose do not impose a definite limit on the alkalinity, such a limit is imposed by 
the point at which the maximum increase in purity is secured. This, as a rule, is 
at about 8.6 pH in the juice after it has passed through the heater. The extent 
to which development of acidity then takes place is dependent on the tempera- 
ture and how long the juice is exposed to high temperatures. Under ordinary 
operating conditions, with the juice leaving the heater at about the above reac- 
tion with the temperature approximating the boiling point and the juice not over 
a couple of hours in the settling tanks, it should leave the latter at from 8.0 to 
8.2 pH and the syrup will probably be as alkaline as 7.7 to 7.8. If this is accom- 
plished, any inversion in this part of the process will be absolutely negligible. 

This technically desirable procedure cannot be approximated in many cases 
because of difficulties in filtration due to the large volume of settlings resulting 
from alkaline clarification and we will not realize the full benefit of our present 
knowledge of clarification until the problem of filtering a large volume of set- 
tlings is solved. However, in such cases we should operate as alkaline as the 
capacity for filtering settlings will permit, and every effort should be made to 
obtain maximum efficiency from this equipment. 

Mr. Bomonti’s work was necessarily planned to give a general idea of what 
occurs in clarified juices at high temperatures, for little if any exact information 
was then available on which to base an intensive investigation. Mr. Cook’s 
later work was planned to obtain more precise data on the points that Mr. 
Bomonti’s work developed. From it, we expect to obtain more detailed informa- 
tion on the rate at which acidity develops and the rate at which sucrose is inverted 
under given hydrogen ion concentration and temperature conditions. More com- 
plete data have also been secured at temperatures approximating the boiling point. 
The results of this more intensive study are in good general agreement with 
previous work. Evidence of slight destruction of glucose, however, has been 
found on digesting juices at temperatures approximating the boiling point. 

Thorough study and publication of Mr. Cook’s data has been temporarily de- 
ferred on account of the necessity of developing better means for controlling 
clarification. Ever since the present clarification investigation was started we 
have been greatly handicappfed because means were not available for definitely 
expressing the results in terms which could be translated into factory practice. 
Methods for estimating the hydrogen ion concentrations that are suitable for use in 
the factory laboratory are greatly needed. The hydrogen electrode, used at this 
Station is hardly practicable, neither are the usual colorimetric methods using 
buffer solutions. A colorimelric method has been developed at the Crockett 
Refinery and operations there are now controlled on this basis. Wliile this is 
suitable for refinery operations it is not exactly suited to raw sugar factory con- 
ditions. In" the last few months, Mr. Cook has been working on the necessary 
modifications. Preparing the color plates required has been a tedious operation, 
but Mr. Cook has made good progress and we hope to have the method developed 
so that it can be tried out in factory practice during the coming year. With such 
a m^hod developed to a satisfactory point, a definite language will be available 
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for use when clarification or the reaction at which juices should be carried is 
under discussion. 

In the absence of definite means for expressing the results of the investiga- 
tions in terms that could be translated into factory practice, our original sug- 
gestion for approximating what investigation had shown to be desirable clari- 
fication practice, was to lime the juice before heating to a pink color with 
phenolphthalein. The change in reaction in the direction alkaline to acid taking 
place while the juice is passing through the heater reduces the alkalinity till the 
reaction of the heated juice is usually within the range where the best results in 
clarification are secured. This change in reaction varies in different juices. As 
the really significant factor is the reaction of the juice after heating, the use of 
phenolphthalein alone does not fully meet the requirements, and some further 
checks are most desirable. We would now add to our original suggestion the 
use of two other indicators, thymol blue and cresol red for use in the heated and 
clarified juice. The juice after passing through the heater should be sufficiently 
alkaline to give a distinct red with cresol red and a greenish color with thymol 
blue. It should not be alkaline enough to give a blue color with the latter indi- 
cator; at most the color should be a greyish blue. Within this zone the best 
results in clarification will be obtained. The cresol red will be particularly valu- 
able where the volume of settlings prevents carrying quite this alkalinity. The 
color change with this indicator passes through orange into yellow as the alkalin- 
ity is reduced. We would strongly recommend that when it is impossible to 
carry the alkalinity at the optimum point, the reaction be maintained alkaline 
enough so that cresol red gives a distinct orange color in the heated juices. 

Since the raw sugar investigation brought out the close relation of good 
clarification and good refining qualities in the sugar, even more attention than be- 
fore has been given to applying the results of the clarification investigation dur- 
ing factory inspections, and Mr. Smith has worked toward the same end in fac- 
tory visits while working on refining qualities of sugar. 

Next to insufficient liming, irregular liming has probably been the most serious 
fault in previous clarification practice. This condition has been greatly improved 
in the last year or two and now it is quite usual to find the juice fairly even in 
reaction after going through the heater and mixing in the settling tanks. In 
many factories, however, different parts of a tank of juice still pass through the 
heater at widely varying reactions. This condition is objectionable on chemical 
considerations. Mr. McCleery’s observations this year have indicated that it is 
particularly objectionable from the standpoint of obtaining the clearest juices. 
His comments on clearness of clarified juice and on this particular phase of the 
question, based on work during factory inspections follow : 

The use of the Kopke turbidimeter has been a great aid in determining what good 
clarification from a physical standpoint really means. This instrument should be used in 
all our factories and the turbidity figures recorded with the usual routine laboratory data. 
Larger turbidity figures denote clearer juice than small figures. It is found that if the 
raw juice and lime are mixed to an even reaction, and if this reaction is at the optimum 
point demonstrated by our previous work here (faintly alkaline to phenolphthalein, or 
about 8.8 pH on limed juice before heating), a Kopke turbidity figure of 1.0 can 
bo expected for each .01 per cent P20;-, in the mixed juice. In other words with a mixed 
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juice figure of .035 per cent P 2 Qn and conditions of liming and heating as above, the 
expected tarbidity figure would be about 3.5. Pluming plantations have been found to 
exceed this figure somewhat. It has been observed that unless the mixed juice and lime 
milk are thoroughly mixed before heating, the expected clearness of resulting clarified 
juice is not attained. An efficient means of mixing the juice and lime is essential. Either 
a compressed air coil, a propeller or set of paddles in the mixing tank under the juice 
scales will accomplish this. An excellent device for liming and mixing the juice is the 
one that has been developed at the Oahu Sugar Company. Clarified juice of 3.5 turbidity, 
usually corresponding to about .035 per cent P 2 O 5 in the mixed juice, is clear enough to see 
thiough when an ordinary water tumblerful is held toward the light. Mixed juice with 
more than this amount of phosphoric acid will give clearer juice than the above figure 
(though with an increased volume of settlings), while mixed juice that is deficient in 
this respect clarifies poorly, the turbidity decreasing with the increase in phosphoric acid. 

On our recommeiidation, a number of factories having juices low in phosphoric acid, 
have in a limited way used super-phosphate or double super-phosphate to improve the 
clearness of the clarified juice. The response to this treatment has been immediate. The 
use of phosphoric acid compounds in years past had not been particularly successful be- 
cause of lack of knowledge as to when needed and the quantity. Our work on clarification 
has included the working out of a phosphoric acid factory control. 

Mr. Smith has concluded as a result of his observations that if g'ood efficiency 
is obtained from filter press Equipment and standard filter press capacity is avail- 
able, it should be possible to lime juices to the^)^^^ point and handle the 
resulting volume of settlings, provided the phosphoric acid content does not ex- 
ceed ,03 to .04 per cent. Mr. Smith has also concluded after observations at a 
number of factories that the conditions resulting in clear clarified juice are inti- 
mately related if not identical, with the conditions that result in a large volume 
of settlings. This observation is in excellent agreement with the indications of 
experimental work. 

The Petree Process has now been in use in Hawaii for two seasons. Attempts 
to appraise the true value of this process are most difficult because of the lack 
of comparable figures. Adequate treatnienl of this subject would require detailed 
analysis of conditions and control figures at each of the factories that is far 
beyond the scope of a paper such as this. As a result of studies of the Petree 
Process at each of the factories where it is in opertaion, the writer is of the 
opinion that notwithstanding the present unsatisfactory state of filtration prac- 
tice in raw cane sugar factories, the Petree Process cannot compete witli the 
ordinary process when both are properly installed and efficiently operated. 

Dr. W. D. Horne’s super-defecation process is another patented clarification 
process that has received cgnsiderable attention in the last year or two. The 
process is now in operation in Cuba. It also is a double settling process, though 
the juice is not divided as in the Petree Process. The mixed juice is limed 
to an alkaline reaction, preferably the point giving the largest increase in purity, 
heated and settled. The settled juice is treated with a phosphate of soda, heated 
and again settled. This process has some attractive possibilities. Close to the 
maximum possible increase in purity should be secured and irrespective of the 
characteristics of the original juice, the clearness of the settled juice can be 
brought to any desired point, thus securing such advantages as better quality 
of sugar, less fouling of heating surfaces, etc., that result from securing clear 
juices. * There is an exchange of linie and soda in the ash constituents of the 
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juice, with precipitation of the former. The more soluble sodium salts should 
have less of a tendency to crystallize out with the sugar, thus reducing the ash 
and probably the sulphate content of the sugar at a given polarization. Probably, 
however, this process will be subject to the same difficulty with a large volume of 
settlings that is encountered in all lime defecation processes when they are oper- 
ated so that juice of maximum clearness and the maximum increase in purity are 
secured. 

On the whole, filtration is the most serious problem now before us in raw 
cane sugar factory practice. Our filter presses do not meet technical require- 
ments, nor do they economically separate the soluble from the insoluble in the 
settlings. Filtration problems, almost, if not quite, as difficult have been satis- 
factorily solved in other industries, yet no improvement has been made in raw 
cane sugar factories. Indeed some of our newer presses do not satisfy the re- 
quirements in some particulars as satisfactorily as presses the writer had ex- 
perience with twenty-five years ago. To some extent our lack of progress may be 
attributed to isolation. To a great extent it is undoubtedly due to failure to fully 
realize the shortcomings of present equipment in advance of investigations in the 
last few years, 

Kopke centrifugal separators are now being used in an endeavor to solve this 
problem. As the results secured both in factory practice and in laboratory ex- 
periments will be taken up in other papers the writer will not comment further 
than to say that it is most gratifying to see that serious work is now being done 
on this problem and that the results should be followed with the greatest interest. 


Measurement of Turbidity in Juices^ 


By Walter E. Smith 

In view of the interest in turbidity measurement, some study was made of 
the various methods available, such as the Kopke turbidimeter, and the observa- 
tion of carbon lamp filaments, candle flames and cross-lines on translucent paper 
through a. column of liquid in a cylinder. Standard solutions were prepared by 
coloring distilled water with caramel and adding varying quantities of a kiesel- 
guhr suspension. 

Ten grams of kieselguhr in 1,000 cc. of distilled water was used as the stand- 
ard suspension, and varying volumes of this mixture were made up to a volume 
of 300 cc., together with appropriate volumes of the caramel solution. For con- 
venience, these solutions may be numbered 1, 2, 3 and 4; 1 contained only the 
kieselguhr suspension and no caramel, while No. 4 approximated the color of 
the darkest clarified juice ever likely to be encountered. 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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Kopke Turbidimeter 

The following results were obtained with the Kopke turbidimeter : 

10 ce. Kieselguhr 5 cc. Kieselgulir 
Suspension in 300 ce. Suspension in 300 ce. 
ein. cm. 

Solution No. 1 (no color) 4.0 6.8 

2 3.9 6,7 

3 .... 3.8 6.3 

4 3.6 6.0 

While the effect of color is distinctly noticeable, giving an appreciable differ- 
ence between the extremes, it seems likely that the difference with the color 
actually encountered when working with clarified juice would ordinarily be small. 
The writer has noted cases, however, where the effect of color on turbidity was 
rather appreciable. With many of the juices found on Kauai, coloring matter 
present in the juice gives a dark color in alkaline solutions; when such juices 
are made acid by the addition of a drop or two of acid, there is a very appreciable 
lightening in color, with a change in turbidity of between 1.0 and 2.0 cm. on 
the turbidimeter scale. 

Nessler Tube Method 

A Nessler tube was so arranged that a filament of a light globe could be 
observed through a column of juice; the cylinder was covered with black paper to 
exclude outside light. The following results were secured, the figures indicating 
the number of cubic centimeters of juice in the cylinder at the end point: 


Solution No. 1 69 

2 68 

3 67 

4 66 


The effect of color is not so noticeable as with the Kopke turbidimeter. Con- 
siderable fluctuation in the intensity of light, brought about by introducing vary- 
ing resistance, did not affect the observation to a greater extent than the normal 
experimental error. 

When using a flash light bulb as the light source, the readings obtained were 
much higher than with the 60-watt lamp, but not so consistent. This was no 
doubt due to the greater light intensity per unit of filament length. 

When cross-lines were ruled on translucent paper, and placed between the 
light source and the bottom of the cylinder, the results were consistent and capable 
of accurate duplication, though the readings were much lower than with the direct 
observation of the lamp filament. Changes in the intensity of the light had little 
noticeable effect. 

Observations of a candle flame under the Nessler iiibe were indefinite and 
therefore unsatisfactory. No clear-cut end point could be obtained, thus making 
the method unsuited to general use for unskilled observers. 
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In general, methods based on the observation of a lamp filament might be 
slightly more accurate than the Kopke turbidimeter, though the latter is probably 
more practicable as a general method to be used under a wide variety of con- 
ditions. 

Details for Kopke Turbidimeter 

Observations should be made close to a window where there is a uniform 
illumination, away from overhead lighting and never in direct sunlight. Similar 
results will be obtained through a rather wide variation of lighting conditions. 

The turbidimeter should be held so that the tube is vertical, with the plate 
touching the side of the cylinder nearest the source of light. 

The cylinder used should always be clear, as a stained or dirty cylinder will 
vary the intensity of illumination. 

The end point is reached when the cross-lines on the porcelain plate just dis- 
appear from sight, but can again be seen by only a slight raising of the plate. 
At this point, the finger should be placed firmly over the upper end of the tube, 
so that no solution is allowed to run out. 

The cement used on new turbidimeters will quickly loosen ; litharge and 
glycerine mixed to a paste will re-cement the tube and plate together so that they 
do not come apart, even in hot juice. 

For observation at night, a 60- to 75-watt lamp fixed about 18 inches from the 
cylinder containing the sample, and about 6 to 8 inches above the surface of the 
liquid, will give readings which are in close agreement with daylight observations. 
The exact position of the lamp can be readily determined by making observations 
in daylight and adjusting the lamp to the point at which similar readings are 
obtained. The polariscojie hood makes a convenient place for this observation 
at night. 


Indicators* 


By H. A. CcK)K 

Probably the best known theory of indicators is that of Ostvvald, which in 
substance, is, indicators are acids or bases the undissociated molecules of which 
have a color different from that of their dissociation products. In this theory it 
was assumed that the anion of an indicator acid, for instance, has a color dif- 
ferent from that of the undissociated molecule. 

Cohn (1) defines an indicator as follows: “An indicator, in chemistry, is a 
substance used for the purpose of affording ocular evidence regarding the con- 
dition of acidity, alkalinity or neutrality existing in a liquid; . . . 

More in accord with the modern conception of acidity and alkalinity is the 
following definition as given by Prideaux (2) : “In its broadest sense the chemi- 

^ Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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cal indicator may be defined as a substance which, when added in small quanti- 
ties, shows the appearance or disappearance of a chemical individual (ion or 
molecule) by a conspicuous change in color . , . . The study of indi- 
cators is chiefly interesting from three points of view ; first, there is the question 
of their sensitivity, i. e., the accuracy with which they can be used for titrations 
and colorimetric estimations. Second, in the investigation of the H+ and OH-- 
equilibria in which they play a part. Third, the relation between color change and 
constitution.*’ 

In this l^aper it is not proposed to go into the various factors which formulate 
a theory^of indicators. We are concerned chiefly with the first and second points 
brought but by Prideaux in the above definition of indicators, i. e., their sensi- 
tivity and their use in deterttiination of the H+ and OH— equilibria. 

During the past few years, the conception of acidity and alkalinity has under- 
gone a radical change. There is no necessity here of going into the details of the 
ionic theory or a discussion of the dissociation of acids or bases. It has been 
thoroughly demonstrated that there is a dissociation of the H ions and the degree 
of this dissociation is the important consideration in acidimetry. 

In all aqueous solutions there are at. all times both dissociated and undisso- 
ciated ions. These ions in a solution are dissociated to different extents. The 
, modern conception is that there is a constant moveMent, attraction and repulsion, 
between these ions which are electrically charged, the hydrogen ions carrying a 
positive charge and the hydroxyl ions a negative charge. Jt therefore, is a ques- 
tion of the activity of the hydrogen ions with which we are concerned. 

The relation of the terms, hydrogen ion concentration, pPI values, total 
acidity, etc., were well covered in a paper presented at this meeting last year by 
Mr. King (4). This relationship has been further discussed in the October 
number of the Record, this year, in a paper by PI. F. Bomonti and W, R. McAllep 
entitled, ^'Characteristics of Clarified Juices at High Temperatures.” 

Until very recently all reference to reaction values, where any definite values 
were expressed, have been in terms of total acidity or alkalinity. In the beet 
sugar industry these terms have had a quite definite meaning and are usually 
expressed as “gms. CaO per 100 cc.” In cane sugar practice there has not been 
this close an expression of the values. Where definite values were assigned the 
expression was usually placed in terms of cubic centimeters of some normality 
of acid or alkali. The more common expression found is "slightly acid to litmus” 
or "slightly alkaline,” often the indicator used was not mentioned. The ex- 
pression of results at the Experiment Station has been "gms. CaO per 100 cc.” 

This loose application of the terms acidity and alkalinity has resulted in con- 
siderable confusion. It has made it extremely difficult to correlate the results 
obtained by one factory with those of another or of one man’s work with another. 
The results of much valuable research work has been lost due to inability to in- 
terpret the results into values that had definite meaning. 

The introduction of the ionic theory with a better understanding of the mean- 
ing of the terms hydrogen ion concentration and pH vaktes and the consequent 
"better definition of degree in 'acidity* or 'alkalinity,* together with improved 
means of measuring these values, has developed among scientific men in general 
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an appreciation of how indefinite were those old terms 'slightly acid,’ ‘dis- 
tinctly alkaline’ and ‘neutral.’ There is now a clear recognition of the distinct 
difference between quantity and intensity of acidity and for each aspect there 
may be given numerical values admitting no misunderstanding.” Clark (3). 

Aside from the above considerations, it might be well to briefly touch upon 
some of the recent developments of research work at our Experiment Station 
which show the desirability of expressing thevSe values in definite terms. 

Investigations on clarification carried out by Mr. Bomonti at the Experiment 
Station demonstrate that the best results in clarification and the largest increase 
in purity were secured by liming the cold raw juice to a faint color to phenolphtha- 
lein. At that time a hydrogen ion apparatus was not available at the Station and 
it was believed that a reaction existed in the clarified juice which could be ex- 
pressed in terms of titratible alkalinity to litmus as an indicator. Later, it was 
found that this relation did not exist. It has since been found that liming to 
this point corresponds to 8.8 pH. 

Investigations on the digestion of juices at high temperatures, by Mr. Bomonti, 
thoroughly demonstrates that tliere is a definite reaction, below which juice will 
not keep, without inversion, over a period of 22 hours. This reaction is directly 
related to hydrogen ion concentration or pH values and does not have any rela- 
tion to total acidity or alkalinity. 

More recent investigations, by the writer, substantiate Bomonti's findings and 
will probably establish more definitely the hydrogen ion concentration at which 
inversion takes place in clarified juices. We also expect to be able to establish the 
rate of inversion at the different hydrogen ion concentrations and to establish the 
rate at which clarified juices become acid at different initial reactions and at dif- 
ferent temperatures. 

It is a definitely established fact that there is a narrow margin of hydrogen 
ion concentration at which the maximum results in clarification are obtained. 
We believe that we are now prepared to state that there is a definite hydrogen 
ion concentration below which inversion may be detected in clarified juices. 
The inversion of sucrose in clarified juices begins at a much more alkaline reac- 
tion than was heretofore realized. The inversion of pure sucrose has, for years, 
been used as a measure of hydrogen ion concentration, but it had not been 
established that there was just as definite a relationship exis'ing in clarified juices. 

With these facts in view, it is entirely advisable to place the reaction control 
of our Hawaiian factories on a uniform and intelligible basis. 

Cane juice can roughly be described as a complex aqueous solution containing 
sugar. This solution therefore contains both hydrogen ions and hydroxyl ions. 
The raw juice contains an excess of hydrogen ions and the clarified juice usually 
contains an excess of hydroxyl ions. 

We are directly faced with two problems in the clarification process ; first, the 
purification of the complex aqueous sugar solution to the extent that the greatest 
amount of impurities may be eliminated from the juice so that the highest pos- 
sible recovery of sugar may be obtained; second, to have this clarified juice at 
such a reaction that the minimum of inversion will result through the process. 
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There have been many conflicting statements made as to how acid a juice may 
be allowed to become before there is any danger of loss by inversion. It has 
been stated by some authorities that there is practically no danger of inversion in 
running the house ‘‘slightly acid.” Here is another instance of the looseness with 
which the term acid is used, for most of these authorities do not state what is 
meant by the term “acid house,” that is, whether they mean acid to litmus, 
phenolphthalein or true neutrality. Other authorities have definitely stated that 
the juice can be carried “neutral” or “slightly acid” to litmus without loss from 
inversion. We have found at the Experiment Station that inversion does take 
place in juices that are definitely alkaline to litmus and even definitely alkaline to 
true neulrality. 

Placing the chemical control of the sugar factory on a hydrogen ion con- 
centration basis involves means for this determination. There are two generally 
used methods for this purpose. First, the electrolitic measurement by means of 
the hydrogen electrode. This method is, for all commercial purposes, the most 
rapid, convenient and accurate but is not yet adaptable for general use in sugar 
house laboratories. On this account it will not constitute a part of this paper. 
Further information can be obtained from numerous sources, notably, “The 
Determination of Hydrogen Ions,” by W. Mansfield Clark, or the determination 
can be demonstrated at this Station. 

The second method for this determination is known as the colorimetric method. 
This method is based on the use of indicators. 

The use of an indicator method for the determination of hydrogen ion con- 
centration involves a choice of indicators. Indicators should be selected in refer- 
ence to their sensitivity, their freedom from salt and protein error, their definite- 
ness of color change and the proper pH range of the indicator. Several indi- 
cators have been tried out at this Station but for our use those proposed by Clark 
& Lubs (5) have been found to be the most useful. 

The distinctive advantages of the indicator method are the ease and the 
rapidity with which the approximate hydrogen ion concentration of a solution can 
be measured. The introduction of improved indicators, the charting of their pH 
ranges, better definition of degree in “acidity,” or “alkalinity,” make this method 
a desirable one for our purpose. 

Litmus and phenolphthalein have been the almost universally used indicators 
for sugar house control. Litmus has played an important role in acidimetry and 
should be given full credit, but its use in other than the cane sugar industry has 
now almost become obsolete. It is not a reliable indicator for sugar house control. 
There are several reasons for this statement, among them the following: The 
color change takes place through a pH range of 4.5 to 8.3, the so-called neutral 
point to litmus is approximately 6.3 pH. These two facts in themselves are 
against the use of litmus for our purpose. The pH range is so broad that the 
color change is very indefinite and the approximate pH value of any hue cannot 
be definitely determined. The neutral point is so far on the acid side of true 
neutrality that this point is valueless. True neutrality^^isr pH 7.0^ There are two 
other facts which make the use of litmus objectionable, i. e., the source and degree 
of purity of the prt>duct. Litmus is a complex of many compounds, chief among 
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which are azolitmin, erythrolitmin, erythrolein and spaniolitmin. Of these, 
azolitmin is the most important, but, the azolitmin of commerce is of uncertain 
composition. The composition of the different preparations varies with the 
source and also with the extent of the action of alkali and air upon the crude 
material. Products secured on the market are of variable purity and seldom is 
a pure product obtained. For the determination of pH values, indicators of the 
highest purity must be used. 

Phenolphthalein is of comparatively recent use in Hawaii and is the best indi- 
cator yet found for its purpose. It is a one color indicator and has a pH range 
from 8.3 to 9.8, depending a little on the concentration used. The concentration 
used in the clarification investigations was 0.1 per cent. At this concentration it 
first shows color at about 8.3 pH in colorless buffer solutions. In cane juice it 
does not show color till about 8.6 to 8.8 due to the natural color and turbidity of 
the juice. This appearance of color is quite definite and regular in different 
juices. 

There are several colorimetric methods in use for the determination of hydro- 
gen ion concentration values ; these are all based upon the use of buffer solutions 
and appropriate indicators. Only what is known as the spot test method will be 
described in this paper. For further information the reader is referred to the 
references already cited. The spot test, as far as can be learned, was introduced 
by L. D. Felton (6). This method was originally adopted for biological or 
pathological use where only small quantities of liquid were available. The method 
has since come into quite general use. The comparisons are made with buffer 
solutions of known value. 

The spot test method is now used for the control of some of the sugar 
refineries on the mainland and is also used by a few of the mills in Porto Rico. 
H. Z. E. Perkins (7) has described the method in use at the American Sugar 
Refinery at Chalmette, La. A previous article was published by Brewster and 
Raines (8) on “Control of Reaction in Sugar-House Liquors.” Buffer solutions 
were used as the basis of these comparisons. Crockett Refinery was probably the 
first to apply the spot test method without the use of buffer solutions. 

The use of buffer solutions carefully standardized by means of the hydrogen 
electrode is undoubtedly the correct procedure for colorimetric determinations. 

Against all colorimetric methods there are distinct drawbacks for their use 
in plantation laboratories. It must be understood that the colorimetric method, 
at its best, is an approximation of the true value. With indicators and methods 
so far developed, results are secured which should check to within 0.2 pH. 
Adaptions of the method can be used which are of distinct value and without 
doubt far superior to the pre.sent method of expressing reaction values. 

One of the main objections to the use of the regular colorimetric method is the 
use of buffer solutions. Buffer solutions are troublesome to prepare. Very pure 
chemicals must be used; these mu.st be repurified by several recrystallizations. 
Several sets of buffer solutions have been made up at the Station following the 
directions of Clark (3), but have not given the correct values. In nearly all 
cases the solutions have had to be adjusted considerably before use. This fact 
may be due to the purity of the chemicals used or to other reasons. M/ 5 NaOH 
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is especially difficult to prepare and keep free from CO^. The prepared buffer 
solutions should always be checked by rtieans of the hydrogen electrode be- 
fore use. 

Another objection to the use of buffer solutions is the fact that they cannot be 
counted upon to retain their values for any definite length of time, even though 
it is, of course, always assumed that precautions are taken to avoid contamination 
and maintain perfect cleanliness in operations. It is important that the buffer 
solutions be frequently checked with the hydrogen electrode. 

It is desirable, therefore, to develop a method, if possible, by which the advan- 
tages of the colorimetric method can be retained and yet avoid the use of trouble- 
some buffer solutions. The only way we have found it possible to do this is to 
prepare standard color charts which are in agreement with standard buffer solu- 
tions with the indicator added. 

Crockett Refinery, realizing the need for more definite control of the refinery 
liquors, developed a modification of the spot test method by preparing a color 
chart for the comparisons. The range of indicators in this chart is not adaptable 
to our use, but we are working along the same line and hope to develop a chart 
for use on our plantations. 

Twigg Smith first reproduced the colors with oil paints on canvas. McCleery 
and Smith used charts prepared from these colors for a part of this past year and 
secured quite good results. However, we desired to improve these charts and 
have been endeavoring to reproduce the colors by means of dyes on celluloid. 
This gives a more satisfactory color than does the oil and canvas. There have 
been numerous difficulties to overcome in preparing these charts and the work 
has taken considerably more time than was originally anticipated. However, we 
fully expect that the results secured from their use will fully repay the time and 
• effort expended. 

There are certain conditions which must be conformed to in using this method. 
In practice, condition! must be comparable to those under which the standards 
were prepared. Indicators of the highest purity must be used. The same con- 
centration of indicator must be used. The depth of indicator color in the spot 
plate must be the same, therefore, spot plates must be used which duplicate those 
from which the standards were prepared. The same amount of indicator and 
sample must be us^d as was used in preparing the standards. Cleanliness must 
be observed. 

Equipment Required 

Eight oz. glass stoppered bottles for stock solution of indicators; 1 or 2 oz. 
dropping bottles for use with the Indicators. The best type of dropping bottle 
for this ^purpose is the regular pathological dropping bottle. A substitute may 
be prepared from a small, fairly large-mouth bottle, fitted with a cork through 
which a medicine dropper is inserted. A spot plate" "with depr^^ of the 
following dimensiotis : 7 mm. depth and 20 mm. in diameter. Steps have been 
taken to assure a supply of these plat^^^ 1 cc. pipettes. 
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Method of Determination 

Four drops of the appropriate indicator are placed in the depression of the 
spot plate; to this is added 1 cc. of the sample. A moment should be allowed 
for the dissemination of the indicator through the sample. Stirring is not 
advisable. 

This color is then compared with the colors of the chart and the pH value 
of the color on the chart with which it coincides is taken for the pH value of 
the sample. 

It is desirable that the readings be checked by overlapping indicators. For 
instance, cresol red covers most of the range of phenol red, and thymol blue over- 
laps a large portion of the higher range of cresol red. 

Dilution 

Where the color or turbidity of the juice interferes with the color of the 
indicator, dilution of the juice may be resorted to. In a well buffered .solution, 
especially one around the neutral point, pH 7.0, dilution affects the pH value to a 
very slight extent. It has been found that there is a small dilution error in cane 
juices. This error is slight around the neutral point. The error increases the 
farther the value lies in either direction from the neutral zone amounting to 
0.1 to 0,3 pH. Dilution does not affect the pH value as determined colorimetri- 
cally to quite the extent it does readings obtained by the electrode. A 1-3 or 1-S 
dilution will be sufficient for nearly all cases. 

For the purpose of making dilutions it is well to use test tubes calibrated for 
this purpose. This calibration need not be especially accurate. It is best to 
have the test tubes marked at 5 cc. and 20 cc. for the 1-3 dilutions and at 5 cc. 
and 30 cc. for the 1-5 dilutions. The tube can be rinsed out with a portion of the 
sample, filled to the lower line with the .sample and then to the upjier line with 
distilled water. 

Some plates have substances on the surface of the plate or in the glazing 
which cause some degree of ionization. Such a condition will have to be overcome 
and is usually accomplished by letting a solution of sulfuric-cromic acid stand 
on the surface of the plate for an hour or so, then washing thoroughly with 
distilled water. It is well to follow this procedure every few days. 

Indicators and Their Concentration for Use 

To cover the full range of reactions of the juices found in the sugar house 
several indicators will be required. The following indicators will usually cover the 
range through raw juice to the clarified juice; brom cresol purple, brom thymol 
blue, phenol red, cresol red, thymol blue and phenolphthalein. All of the.se in- 
dicators are not necessary, however, in factory practice. In practice, two or 
possibly three indicators will serve all purposes. These will probably be : 
phenolphthalein together with phenol red, cresol red or thymol blue. 

The preparation and concentration of the indicators is as given by Clark (3) 
excepting for phenol red and cresol red. With the.se two indicators a higher 
concentration was found advisable. The method of preparation as given below 
is taken directly from Clark: 
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‘Tor the preparation of these stock solutions one decigram (0.1) gram of 
the dry powder is ground in an agate moftar with the following quantities of 
N/20 NaOH.*^ 


Indicator 

Color Change 

pH Range 

ce. N/20 NaOH 

Brom cresol purple 


. . . . 5.2-6.8 

3.7 

Brom thymol blue ........ 


. . . . 6.0r7.6 

3.2 

Phenol red 


. . . . 6.8-8.4 

5.7 

Cresol red 


. . . . 7.2-8.8 

5.3 

Thymol blue 


. . . . 8.0-9.6 

4.3 


Clark advises making these up to 25 cc. with distilled water for stock solu- 
tions and diluting in the dropping bottles to a concentration of .04 per cent, 
0.02 per cent for phenol red and cresol red. We have found that it is just as 
well to make immediately up t6 250 cc. with distilled water thus making in all 
cases a .04 per cent solution. 

Phenolphthalein should be made up in .1 j^er cent solution. The salt should 
be dissolved in alcohol and then diluted with water so that the alcoholic strength 
is approximately 50 per cent by volume. The acidity of the alcohol should be 
neutralized by adding N/ldO NaOH to a slight pink then adding one drop N/lOO 
sulfuric acid. 

McCleery and Smith both experienced some difficulty in the use of brom 
thymol blue. They obtained results which averaged about .8 pH low. Until we 
have determined the cause of this, we are not advising the use of this indicator. 
The range is lower than is usually needed for factory practice so that this indi- 
cator is not needed. We have found, too, that we can extend the range of phenol 
red a little lower and thus overlap with brom cresol purple for the lower range. 

For conditions where the PgOj. content of the juice is such that the liming 
can be carried to the point advised in clarification practice, phenolphthalein is the 
best indicator to use. The cold raw juice should be limed to a slight color to 
phenolphthalein. This will give a reaction close to 8.8 pH. The clarified juice 
from this liming should not fall below 8.0 pH. The reaction of the clarified 
juice should be as carefully coiUrolIed as the reaction of the raw limed juice. For 
this point either cresol red or phenol red can be used. 

If for any reason it is not possible or desirable to carry the liming to the 
extent above stated it is possible to establish a definite reaction and control it by 
the use of one of the above indicators. If a point is used lower than that which 
has been found advisable H should be made as high as possible and the control 
maintained as carefully as at the higher point. As stated before, litmus should 
not be used for the basis of control, for a definite reaction cannot be established 
by its use. If it is desired to lime between the litmus value and phenolphthalein, 
a neutrality reaction of 7.0 can easily be established with phenol red by liming to 
a faint pink. If 7,5 is desired a faint pink to cresol red will give this point. If 
8.0 or 8.2 is wished, it can be secured by liming to a distinct red to cresol red 
or a faint blue to thymol blue. Where a factory wish es to lime to a faint 
alkalinity to litmus, or an acid reaction, it can be secured much more definitely 
by using brom cresol purple and liming to a faint purple. The above considera- 
tic^s can bf apt>lied directly 



49 


The color chart is intended, primarily, for the use of the chemist in the 
laboratory. It is important that a close control of the mill juices be maintained. 
By this method a record of the reactions can be kept. The reactions and the 
terms of expressing them will be a definite language. It will be possible to make 
direct comparisons of the work of one mill with another and the chemist will be 
able to check up his practice with that of others and with clarification investi- 
gations. 

It is not claimed that the adoption of this method will be a cure-all for the 
troubles in the cane sugar practice. There will undoubtedly be difficulties ex- 
perienced in using the method and in some cases difficulty in matching colors. 
As stated before, the use of indicators is only an approximate method. It will, 
however, be a step far in advance of present practice and will eliminate much 
of the guesswork in factory control. 

There is much to be learned about indicators and their use. New and better 
indicators will undoubtedly be developed and better methods of control will fol- 
low. There is a great need for closer control of the reaction of the juices in the 
sugar house than has been generally realized. We must take advantage of the 
best methods available and realize the importance as well as the limitations of 
their application. 

It is admitted that the use of this method will require a little more attention 
to details, but it is being done in one of the Hawaiian factories and in several 
elsewhere, so it can be done here. In all processes best results are obtaineil by 
attention and effort. This extra attention, once it is established, will not be 
marked in its requirements but results are bound to be manifested. 
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A Mathematical Analysis of Boiling Systems* 


By Walter E. Smith 

In this analysis, the writer has sought to compare a number of boiling Sys- 
tems, using as a basis of comparison the weight of gravity solids in massecuite 
per unit of gravity solids in syrup. 

^ * Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 

Honolulu, October 27, 1924. 
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It is evident that the system capable of producing its sugar from the smallest 
quantity of massecuite will be the most economical from the standpoint of fuel ; 
it also wseems probable that such a system will produce sugar of the best refining 
qualities, all other conditions being equal. 

The production of good filtering sugar is dependent on securing a minimum 
concentration of what we have termed non-settling matter in massecuite from 
which the commercial sugar is produced. For a given concentration of non- 
settling matter in synip, the minimum concentration in massecuite must obviously 
be produced under the conditions which produce the smallest quantity of masse- 
cuite, since the increase in quantity of massecuite can only be brought about by 
boiling back additional quantities of molasses having a much higher non-set- 
tling matter concentration than the syrup; this, of course, must result in an in- 
crease in the non-settling matter concentration of the massecuite and be reflected 
in a reduced filtration rate of commercial sugar. 

The assumptions used in the calculations that follow approximate results 
actually attained in normal factory practice. It does not follow, of course, that 
the results indicated by these calculations will hold good for factories where the 
operating conditions vary* to any extent from the assumptions used, but it is prob- 
able that similar relationships will exist between the various boiling systems under 
other conditions, and the same methods of calculation may be applied. The calcu- 
lations are based on gravity purities, conversion from apparent to gravity purities 
being affected by assuming a difference of 0.8 at 86.0 apparent purity, and 1.0 
for each 10.0 points thereunder, giving 57.1 gravity for 54.0 apparent purity of 
low grade massecuite. Molasses is assumed at 36.0 gravity purity ; the com- 
mercial sugar is taken at an average of 97.0 polarization, with .25 deterioration 
factor. Massecuite yield has been calculated on a basis of a difference of 20.0 
apparent purity, or 18.0 gravity purity, between massecuite and molasses. In 
considering double purging, it has been thought feasible to raise 70 apparent 
purity No. 2 sugar to 90 apparent purity when producing a molasses of 54.0; in 
actual practice, no difficulty has been experienced in raising No. 2 sugar 16-17 
points with a molasses of 48-50. By a slightly greater dilution of the magma 
or the use of a small quantity of wash water at the centrifugals, the double 
purged sugar could be brought to a purity of 20 points higher than the original 
low grade sugar without difficulty. When the molasses has been held to 50 
apparent purity, the double purged sugar has been assumed only 16.0 points 
higher than the magma. 

Two-Boiling System 

In the so-called ''two-boiling system.,’’ the commercial sugar mas.secuite con- 
sists of a mixture of syrup, remelt, and No. 1 molasses, at such purity that the 
molasses from this massecuite is suitable for low grades. The factors affecting 
the quantity of massecuite are purity of syrup and the purity to which the low 
grades are reduced (assuming that the massecuite wfll remain 20 points higher 
than the No. 1 molasses). If the purity of the remelt remains constant, decreas- 
ing the purity of the low grades brings about a marked increase in the quantity 
o| massecuite; if, however, we assume the purity of remelt to also vary with the 
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low grade massecuite purity, that is, to be for example 16.0 higher than the low 
grade purity, the sum of commercial sugar massecuite and low grade massecuites 
remains very nearly constant. This system will show to worst advantage where 
the purity of low grades is low — 50 to 52 — with the usual drop of 20.0 from 
massecuite to molasses. Where a sugar of high polarization is produced with 
this system, it is usually attained by washing in the centrifugals ; apart from its 
effect on the keeping quality of sugar, this is likely to raise the molasses purity, 
thus further increasing the quantity of massecuite ptv ton of sugar. 

Pioneer System of Boiling 

The so-called “Pioneer system” of boiling is based on a principle entirely dif- 
ferent from that of the two-boiling system. In the Pioneer system, the first 
strike is boiled of syrup and remelt, no molasses from previous boilings being 
taken back; all the molasses from this so-called “A” strike is taken into the fol- 
lowing strike, designated as “B.” Under certain conditions, the molasses from 
the “B” strike may be of proper purity for low grades; if not, it is again taken 
in, the third strike of the series being designated as “C.” Normally, the “C” 
molasses will be suitable for low grade massecuite, and it is not often necessary 
to boil a fourth, or “D” strike. 

The following summary showing No. 1, No. 2 and total massecuite per unit 
of gravity solids in syrup will serve to show the effect of the various factors and 
conditions on the gravity solids in massecuite per unit of gravity solids in syrup : 


Massecuite with Massecuite with 



(Syrup 86.8 Or. Purity; 

54 Pur. Lo\^ 

Grade 

. 50 Pur, Low 

Grade 


Sugar 97.0 I’ol.; 98.04 Purity) 

‘ ‘ Two-Boiling SyBteni ’ ’ 

1 

2 

Total 

1 

2 

Total 

1 

70 A. P. Eemelt 

^‘Pioueer Bystem’^ 

1.77 

.43 

2.20 

1.99 

.37 

2.36 

9 

70 A. P. Rcmelt (A & B only) 

1.57 

.43 

2 . 20 

1.73 

.37 

2.10 

3 

79 A. P. Rcmelt (A, B & C strikes) 

1.68 

.35 

2.03 

1.63 

.31 

1.94 

3m 

75 A. P. Rcmelt (A, B & C strikes) 

1.74 

.87 

2.11 




3b 

75 A. P. Double purged to 90 A. P 

1.58 

.37. 

1.95 




3c 

79 A. P. Rcmelt 

1.51 

.34 

1.85 




3d 

79 A. P. Remelt 

1.52 

.34 

1.86 




3o 

79 A. P. Remelt 

1.54 

.34 

1.88 




3f 

70 A. P. Double purged to 90 A. P 

(In systems 3c-3f the B strike is only mixed 
to desired purity, and not to fixed volume, 
as explained in later paragraph.) 

1.48 

.43 

1.91 




4 

70 A. P. Remelt double purged to 90 A. P 

1.59 

.43 

2.02 

1.59 

.37 

1.96 

0 

D. P. Remelt (90) with 2 A and IB 

1.51 

.43 

1.94 

1.50 

.37 

1.87 

6 

Same as 5, except no syrup in B 

1.55 

.43 

1.98 

1,54 

.37 

1.91 


In systems 2-3b, the tnixtures of the various products have 

been made in 

such 

a ’ 

way as to meet the conditions of actual practice, 

that 

is, that each strike shall 


be of the same volume — a full pan. This is, of course, required by considerations 
of economy and simplicity of practice, since either A, B or C strikes are based 
interchang’eably on the same foundation of seed and syrup from a central grain- 
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ing pan. In eflFect, however, this may cause an increase in the massecuite per 
unit of solids in syrup as can be readily seen from the fact that with 79 apparent 
purity remelt, using three strikes to reduce the molasses purity, the quantity of 
massecuite is actually 0.11 greater than where only two strikes are required as 
in with 70 apparent purity remelt. 

The reason for this lies in the fact that in systems 3 and 3a, the average 
massecuite purity is actually lower than in 2; it is of interest to note that in the 
systems tabulated, tlie quantity of massecuite varies directly with the average 
purity of massecuite. 

In systems 3c-d-e, the usual procedure has not been followed. Instead of 
producing equal quantities of A, B and C massecuite, the A molasses is mixed 
with sufficient syrup to make a B strike of such purity that with a 20 point drop, 
the molasses will be suitable for low grades. In 3c, the A strike takes in neither 
remelt nor molasses ; the B strike is equal to 72 per cent of the A strike, and the 
A sugar comprises 65 per cent of the total commercial sugar. In 3d, sufficient 
No. 2 sugar is taken into the A massecuite for seed, and the B massecuite made 
up as before; in this case, the B massecuite decreases to 71.5 per cent, while the 
A sugar remains constant at approximately 65 per cent. In 3e, practically all of 
the remelt is taken into the A strike; the B massecuite drops to 69 per cent, 
with the A sugar a fraction over 65 per cent. 

In system 3f, where 70 apparent purity remelt is double-purged and the B 
massecuite is boiled at suitable purity to give molasses ready for low grades, 
the B massecuite is less than 60 per cent of the A massecuite, with the A sugar 
comprising 70 per cent of the total production. The principle of making the re- 
spective volumes of A and B massecuite not necessarily equal offers some saving 
of massecuite, though it does introduce the complication of building a suitable 
grain in less than a full pan. An apparently satisfactory compromise is found in 
system 5, wherein with double-purged remelt, it is found possible to boil only 
one B strike for two A strikes. Here the A sugar comprises 75 per cent of the 
total commercial sugar produced, a condition very close to the ideal. 

The system capable of producing sugar of highest refining quality would, of 
course, be a system of straight boiling, wherein all the commercial sugar was 
crystallized from a massecuite containing no molasses. For example, we could 
make up the first massecuite from syrup, double-purged remelt, and 96 purity 
sugar coming from the B massecuite; the molasses from this strike would be 
boiled to grain, and from this a sugar of 96 purity produced, to be remelted or 
used partly as seed for the first strike. Calculating on a basis of producing 98.0 
polarization sugar, this system would contain 1.81 tons gravity solids per ton of 
gravity solids in syrup in the A and B massecuites; this figure is only slightly 
higher (0.04) than the two-boiling system, and has the advantage of producing 
the best sugar obtainable with any system of boiling. It is, however, 20 per cent 
higher in solids in massecuite than the method producing two A*s and 1 B strike, 
with double-purged remelt. 

SUMMAKY 

Assuming that filtrability of commercial sugar is dependent on the concentra- 
tion of » non-settling matter the massecuite from which it is produced, we may 
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conclude that this concentration may be further affected by boiling methods. 
The system requiring the least quantity of massecuite per unit of solids in syrup 
should give the best results, since any addition to the quantity of massecuite can 
only be made by additional boiling back of molasses, 'which in turn will increase 
the non-settling matter concentration of the massecuite. The system producing 
the least massecuite is that which has the highest average massecuite purity. 

From this standpoint, the “two-boiling’' system is the most objectionable, since 
this gives the lowest possible massecuite purity and the highest amount of masse- 
cuite per ton solids in syrup. 

The first step in the direction of straight-boiling — the ultimate ideal — is the 
Pioneer system, which produces part of its sugar from strikes of high purity; 
the last strike of the series is equal to that tound in the “two-boiling” system, 
but the sugar produced in the other strikes clearly represents an improvement. 
Present practice, however, in seeking to apply the principles in a manner most 
easily followed, and least subject to confusion, makes A, B and C massecuite of 
equal quantity ; it can be shown by calculation, however, that less massecuite is 
produced if the massecuites of lower purity are reduced to the minimum. For 
example, wilh syrup of 86.0 apparent purity, double-purged low grade sugar of 
90 apparent purity, and 34.0 apparent purity low grades, a system can be fol- 
lowed which will produce two A strikes to one B strike — securing 70 per cent 
of the total commercial sugar from A strikes. 

Methods of Calculation 

The following scheme of calculation will show the methods used in arriving 
at the results indicated, and may serve as a guide to be followed in calculating 
similar data for a different set of factory conditions. 

‘‘TWO-BOILING SYSTEM^’ 

Assumptions: 

Hynij) 86.8 Gravity Purity 

Final Molasses 36.0 “ “ 

Ooniinereial Sugar 98.04 “ “ (97.0 Pol.) 

Remelt (No. 2 Sugar) 72.4 “ “ 

No. 1 Massecuite 76.0 “ “ 

No. 1 Molasses 57.1 “ “ 

By formula, the total yield of commercial sugar will be: 

98.04 (86.8 —36.0) 

= 92.486%. 

86.80 (98.04 — 36.0) 

For each 100 tons of gravity solids in syrup, we will then have: 

86.8 tons sucrose X .92486 = 80,28 tons sucrose in commercial sugar, w’ith the fol- 
lowing distribution of sucrose and solids in syrup: 

Sucrose Gravity Solids 

Commercial Sugar . 80.28 81.88 

Final Molasses 6.52 18.12 


Syrup 


86,80 


100.00 
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Turning our attention next to the low grade massecuite, we find that for our assumed 
conditions the yield of No« 2 sugar at 72.4 gravity purity is: 

72.4 (57.1— -36.0) 

= 73.5%. 

57.1 (72.4 — 36.0) 

That is, 73.5 per cent of the sucrose in low grade massecuite is returned in the No. 2 
sugar, while (100 — 73.5 = 26.5%) is eliminated with the molasses. In other words, the 
sucrose in final molasses is equal to 26.5 per cent of the weight of sucrose in No. 2 masse- 
cuite; since the sucrose in final molasses is 6.52 tons per 100 tons of gravity solids in 
syrup, the quantity of sucrose in No. 2 massecuite is: 

6.52 

= 24.60 tons sucrose. 

.265 

24.60 tons sucrose 

— = 43.08 tons gravity solids. 

.571 (Gravity Purity) 

The No. 2 massecuite is therefore distributed as follows: 


Sucrose Gravity Solids 

No. 2 Massecuite 24.60 43.08 

Final Molasses 6.52 18.12 

No. 2 Sugar (Kemelt) 18.08 24.96 

The base of the No. 1 massecuite then becomes: 

Sucrose Gravity Solids 

Syrup 86.8 100.00 

No. 2 Sugar 18.08 24.96 

Base (83.93 Gravity Purity) 104.88 124.96 


We must now add sufficient No. 1 molasses of 57.1 gravity purity to reduce this base 
to 76.0 gravity purity; the quantity required is arrived at by formula: 

83.93 (76.00 — 57.10) 

= 77.794%. 

76.00 (83.93 — 57.10) 

This means, then, that 77.794 per cent of the sucrose in the finished massecuite at 76.0 
gravity purity is contained in the base of the No. 1 massecuite. Then, 104.88 -f- 0.77794 
gives 134.82 tons, the quantity of sucrose in the finished massecuite; at 76.0 gravity purity, 
this is equal to 177.39 tons of gravity solids. 

The composition of the No. 1 massecuite is then as follows: 



Sucrose 

Gravity Solids 

Syrup . 

86.80 

100.00 

No. 2 Sugar 

18.08 

24.96 

No. 1 Molasses 

29.94 

52.43 

No. 1 Massecuite. 

...^........134.82 

177.39 


The yield of the Np. 1 massecuite is: 

98.04 (76.0 -^57.1) 

69.553%. 

76.00 <98.04-- 
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The No. 1 massecuite is therefore distributed as follows: 



Sucrose 

Gravity Solids 

Commercial Sugar 

80.28 

81.88 

No. 1 Molasses 

54.54 

95.51 

No. 1 Massecuite 

134.82 

177.39 


The quantity of No. 1 molasses used in the No. 1 massecuite must be deducted from 
the total No. 1 molasses produced, since this quantity may be considered as having been 
borrowed from process; in actual practice, this amount is in circulation in the No. 1 
inassecuite. 


Sucrose Gravity Solids 


Total No. 1 molasses produced 54.54 95.51 

Used in No. 1 massecuite 29.94 52.43 

No. 1 Molasses to Low Grades 24.60 43.08 


This quantity agrees with our previous calculation. The total sucrose introduced in 
syrup is accounted for in commercial sugar and final molasses, thus balancing the system. 

SUMMARY 


Per Unit 

Gravity Solids in Syrup 

No. 1 Massecuite 177.39 1.77 

No. 2 Massecuite 43.08 .43 


Total 220.47 2.20 


PIONEER SYSTEM 


Assumptions: 

Hyrup 

Final Molasses 

Commercial Sugar .... 

** A’ ^ Sugar 

Remelt (No. 2 sugar) . 
Low Grade Massecuite 


86.8 Gravity Purity 

36.0 

98.04 Purity (97.0 Pol.) 

98.69 (98.0 Pol.) 

72.4 Gravity Purity 

57.1 ‘‘ 


The quantity of low grade massecuite and remelt will remain the same as in the pre- 
vious system, since the factors affected by these quantities have not been changed. 

In this system, we assume the use of a small amount of seed in the A massecuite, 
which is therefore made up as follows: 


Syrup 
No. 2 

Sugar 

Sucrose 

86.80 

4.03 

Gravity Solids 
100.00 

5.56 


(86.05 Gravity Purity) 

90.83 

105.56 


The yield of this massecuite is: 

98,69 (86.05 — 68.05) 

== 67.376% 

86.05 (98.69 — 68,05) 
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Sucrose 

Gravity Solids 

A^^ Sugar 

61.20 

62.01 

“ A^V Molasses 

29.63 

43.55 

Total A Massecuite 

90.83 

105.56 


The total No. 2 sugar produced as a result of the use of 100 tons gravity solids in 
syrup in massecuite would be: 

Sucrose Gravity Solids 


No. 2 Sugar due Syrup in 18.08 24.96 

Actually used in ^^A^^ 4.03 5.56 


Excess No. 2 sugar to be used in 14.05 19.40 

The production of No. 2 sugar under the assumed conditions is 24.96 tons solids per 
100 tons gravity solids in syrup; in order that the system will balance, this quantity must 
therefore be used, or this proportion maintained between syrup and No. 2 sugar. 

The massecuite is made up, then, of the molasses, the excess remelt not 

utilized in ^^A, and sufficient syrup and remelt to bring the quantity of ^'B^' masse* 
euite to approximately the same figure as that for *^A. This gives us then, the fol- 
lowing composition of ^^B^^ massecuite: 

Sucrose Gravity Solids 


*'A'' Molasses 29.63 43.55 

Excess remelt due syrup in ^‘A^^ 14.05 19.40 

Syrup ’ 29.87 34.41 

Bemelt due this syrup 6.22 8,59 


'‘B'' Massecuite (75.29 G. P.) 79.77 105.95 


Before calculating the yield of this massecuite, we must determine the purity of the 
**B^^ sugar, as follows: 

Prom the syrup used in the two massecuites, the total yield will be: 


Sucrose 

Total .107.90 

Sugar produced 61.20 


Gravity Solids 
110.06 
62.01 


'‘B'' Sugar by Difference (97.20 Purity) 46.70 48.05 

The yield of the ^ ‘ B ' * massecuite will therefore be : 


97.20 (75.29 — 67.10) 

=: 58.562%. 

75.29 (97.20 — 67.10) 


<*B»» Sugar 

B ^ * Molasses . . . . , . . ... . 

* * B * * Massecuite , , . 


Sucrose Gravity Solids 

46.70 48.05 

V.....;. 33.07--- §7.90 


79.77 105.95 



57 


(134,41 Tons G. 8. in Syrup) 
Massecuite . 
Massecuite . 


SUMMABY 


105.50 Tons 
105.95 Tons 


Per Unit 

Gravity Solids in Syrup 


Total No. 1 Massecuite 211.51 Tons 

No. 2 Massecuite 57.90 Tons 


1.56 

.43 


Total . 


1.99 


Assumptions: 

Syrup 

Sugar 

No. 2 Massecuite. . 
Final Molasses.... 
Low Grade Sugar: 

Original 

Double Purged 


STRAIGHT BOILING 

86.8 

98.0 

57.1 

36.0 

.: 72.4 

90.4 


Gravity Purity 
Polarization (98.09 Purity) 
Gravity Purity 

t ( t i 

(I t i 

a if 


(In this system, the drop between massecuite and molasses is taken at only 18.4 
ai>parent purity, or 16.6 gravity purity.) 


The total yield in this system is found to be 79.97 tons sucrose, and 81.03 tons gravity 
solids per 100 tons gravity solids in syrup. By the methods illustrated in the previous 
series, we And that the low grade sugar will yield 57.57 per cent of its sucrose in the 
form of 90.4 gravity purity double-inirged augar. This gives the following distribution: 


Original Low Grade Massecuite 

Final Molasses 

No. 2 Sugar (Original) 

Double-purged No. 2 Sugar 

Molasses from double-purging 


Sucrose 

Gravity Solids 

.. 25.77 

45.13 

.. 6.83 

18.97 

.. 18.94 

26.16 

.. 10.87 

12.02 

.. 8.07 

14.14 


In this system, the massecuite is composed of syrup, double-purged remelt, and 

‘^B'^ sugar from the ^*B^’ massecuite. The proportions are computed as follows: 


Sucrose Gravity Solids 


Syrup 86.80 100.00 

Double-purged Sugar 10.87 12.02 

Base of ^'A’’ Massecuite 97.67 112.02 


The amount of ‘‘B’^ sugar to be added is determined by trial, based on the following 
known data: All the commercial sugar (79.97 tons sucrose, and 81.03 tons gravity solids) 
must be crystallized from the *‘A'' massecuite, and the difference between molasses and 
massecuite purity is assumed at 16.6 points gravity purity. We then simply add trial 
amounts of 96.0 purity sugar to the base of the No. 1 massecuite, deduct the sucrose and 
gravity solids for the commercial sugar, and determine the purities of the massecuite and 
molasses respectively. After two or three trials, the exact quantity of *‘B'^ sugar re- 
quired is readily determined. 
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Sucrose Gravity Solids 


Syrup 86.80 100.00 

Double-purged Sugar 10.87 12.02 

sugar; (96.0 Purity) 18.24 19.00 


''A'' Massecuite; (88.48 Purity) 115.91 131.02 


The yield of this massecuite is known, so it need not be calculated further. The 
distribution becomes: 


Sucrose Gravity Solids 


Bugar (98.0 Polarization) 79.97 81.03 

Molasses (71.89 Gravity Purity) 35.94 49.99 

^‘A»^ Massecuite 115.91 131.02 


The ^^A*’ molasses becomes the massecuite, with the yield: 


96.0 (71.89 — 57.10) 

— = 50.77%. 

71.89 (96.00 — 57.10) 

The distribution of the massecuite then becomes: 

Sucrose 


Sugar 18.24 

<<B'» Molasses 17.70 


Gravity Solids 
19.00 
30.99 


^^B^^ Massecuite 35.94 

The low grade massecuite is made up as follows: 


49.99 


Sucrose 


**B^* Molasses 17.70 

Molasses from Double-purging 8.07 


Gravity Solids 
30.99 
14.14 


Low Grade Massecuite 


25.77 


45.13 


SUMMARY 

Per Unit 

Gravity Solids in Syrup 


Massecuite 

Massecuite 

131.02 Tons 

49.99 

1.31 

Total No. 1 Massecuite 

181.01 

4 t 

1.81 

No. 2 Massecuite 

...... 45.13 

if 

.45 


226.14 

ft 

• 2.26 
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Deterioration of Cane Mill Juices from the Aspect of 

Acidity Increase^ 


By W. L. McCleery 

For a number of years it has been increasingly evident that during milling 
operations there is a considerable loss of sucrose from deterioration due to 
bacterial action. The absence of a direct method of accurately determining 
sucrose in cane entering the factory has tended to obscure such losses. 

Deterioration had been indicated from the comparison of purity differences be- 
tween first expressed juice and mixed juice in factories operating under the usual 
conditions, and the lessened difference in these purities when steps were taken to 
keep the plants in as sanitary a condition as possible. Mr. Elliott, of Paauhau 
Sugar Plantation Company, and others have done valuable work along these 
lines. Other tests had indicated that the time consumed in the routine milling 
cycle was not of itself sufficient to cause appreciable loss through deterioration. 

On my inspection visit to the Hawaiian Sugar Company, this year, Mr. 
Roberts informed me of tests made in 1923 and being continued this year, per- 
taining to the acidity of the different mill juices. The development of bacteria 
around the mills results in acid products. In these tests the increase in acidity 
is used as an index of the amount of bacterial development. In 1923, he had 
found that the acidity of mill juices in the latter part of the train was as high 
or even higher than in the crusher juice. This was an unexpected condition as, 
due to the effect of compound maceration, it would be expected that the acidity 
would decrease in proportion to the density. Steps were taken to keep down all 
sour accumulations, etc., as explained later and the results were immediate. On 
my suggestion the results were expressed as acidity per cent brix. This year, 
after taking various steps to reduce bacterial action to a minimum, the actual 
percentage increase of acidity on this basis was found to be very small. 

Mr. Roberts has submitted the following report on his work : 

During the 1923 crop, several tests were coudueted on the milling plant of the Hawai- 
ian Sugar Company to find the cause of the high acidity in the mixed juice. Cane stalks 
were examined and the juice as expressed by the laboratory mill was so much lower in 
acidity than that of the mixed juice, that it was evident that the acidity must be in- 
creasing ill the milling plant. 

By analyzing composite samples taken from each mill, from the pans below the mills, 
from pumps, macerators, juice troughs, tanks and supply pipes, and computing the results, 
it was evident that the increases in acidity and the subsequent losses due to this action 
were much larger than had been the prevailing opinion. 

The surprising feature, however, was the fact that the increase in acidity from first 
to last mill was especially marked towards the end of the week, establishing as a prac- 
tical certainty that the deterioration was mainly due to an increasing unsanitary condition 
as the week advanced, as the only thorough cleaning was given the mills on Sunday 
mornings. 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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Another feature was the rather large difference of acidity between intake and out- 
flow of the maceratioh juices, indicating that deterioration was taking place. This was 
also true in the maceration distributors. (See Table 2.) As soon as these spaces were fre- 
quently washed no appreciable increase of acidity was found. 

It was expected that the relation of acidity in first mill and mixed juice would bo in 
direct proportion to the dilution applied, but the acidity per 100 cc. was in many cases as 
high or even higher in the third and fourth mill juices than in the crusher juice. 

After data in Table 1 were obtained, a system was started of cleaning and flushing 
with hot water and lime all spaces through which the juice passed, sometimes three and 
four times a day, with the immediate result that the percentage of acidity decreased and 
the clarification improved. 

With the beginning of the 1924 crop a routine was started by running hourly, acidity 
tests on each mill juice and the mixed juice. Acidity figures were inserted in the daily 
mill reports and each time the increase of acidity was higher than usual, the engineers 
would take measures to improve the existing conditions. Mr. MeCleery on his inspection 
visit this year advised confining the comparative tests to the mills only, and substituting., 
the figures of acidity per cent hrix, in place of acidity per cent dilution. This was done 
and all previous work brought to the same standard. 

The relatively small increase of acidity in 1924 (Table 3) between Mondays and 
Saturdays, also between the crilsher and last mill, when compared with the data in Table 1 
• for May, 1923, shows that it is possible for a factor}’’ to operate with a comparatively 
small percentage increase, thereby resulting in considerable saving of undetermined loss 
around the milling plant. 


TABLE I 


AVERAGES FOR MAY, 1923 


1st Mill 2nd Mill 3rd Mill 4th Mill 



W 



W 


> 

W 


> 

t5d 

> 



•-< 

ri 


►K 

n 

o 


n 


N 

n 

rs 


X 

V 


H 

? 

V 
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V 

M 

V 
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M 
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o 

• 
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o 


O 

o 
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O 

W 

I 

« 

W 

M 


rt 

o 

W 


n 

n 

w 

Mondays .... 

. . . 19.70 

.017 

.086 

9.10 

.014 

.154 

6.24 

.010 

.160 

2.88 

.006 

.209 

Tuesdays . . . . 

.. .20.31 

.018 

.089 

9.66 

.015 

.155 

6.00 

.013 

.217 

2.77 

.010 

.361 

Wednesdays . 

.. .20.24 

.016 

.079 

9.50 

.017 

.179 

5.80 

.016 

.276 

2.52 

.015 

.595 

Thursdays . . . 

...19.60 

.015 

.077 

8.70 

.014 

.161 

5.40 

.015 

.278 

2.20 

.016 

.727 

Fridays 

...21.00 

.017 

.076 

8.55 

.016 

.187 

5.20 

.016 

.308 

2.05 

.015 

.732 

Saturdays . . . 

. . .20.40 

.019 

.079 

8.90 

.020 

.225 

5.10 

.020 

.392 

2.05 

.021 

1.024 

Average 

...20.21 

.017 

.084 

9.07 

.016 

.177 

5.62 

.015 

.267 

2.61 

.0138 

.529 


TABLE II 

MACERATING JtJIC? FROM SECOND TO FIRST MILL 


Average of 30 Tests Intake Outflow 


First day .... . . 

.. ..j. 8.87 

.018 

.215 

8.34 

.022 

.264 

Beeund day . . . . 

...... 9,05 

.021 

,233 

8.92 

.027 

,303 

^ Third day ..... 


.023 

.230 

9.07 

.033 

.364 
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TABLE III 

AVERAGES CROP 1924 


Average All Mondays All Saturdays 

Crop 1924 Crop 1924 Crop 1924 


Crusher . 19.99 

First Mill 18.10 

Second Mill 8.60 

Third Mill 5.84 

Fourth Mill 2.13 


.0096 

.048 

20.61 

.0085 

.0092 

.051 

18.57 

.0076 

.0051 

.059 

9.00 

.0039 

.0036 

.061 

6.10 

.0028 

.0014 

.068 

2.47 

.0012 


.041 

19.70 

.0114 

.058 

.041 

18.02 

.0112 

.062 

.043 

8.34 

.0061 

.073 

.046 

5.21 

.0040 

.076 

.049 

2.97 

.0024 

.082 


As a result of the work done by Mr. Roberts the writer has made similar 
acidity tests on his visits to twelve other factories operating under usual condi- 
tions. The increase of acidity was found very marked especially in factories 
with the longer trains. The increase as expressed in percentage, from first ex- 
pressed juice to third mill juice, and from first to fourth, etc., in factories with 
longer trains, has been tabulated as given in Table 4: 

TABLE IV 

ACIDITY INCREASE BETWEEN UNITS EXPRESSED AS PERCENTAGE 


Percentage Increase 

Between Units 1st to 3rd 

Halawa Plantation, Ltd 62 

Niulii Mill & Plantation 59 

Union Mill Company 41 

Olowalu Company* 

Olowalu Company* 

Olowalu Company* 

Olowalu Company 59 

Olowalu Company 106 

Olowalu Company 108 

Olowalu Company 63 

Olowalu Company 76 

Kohala Sugar Company 35 

Kohala Sugar Company 29 

Waianae Company 94 

Hawi Mill & Plantation Co., Ltd 34 

Lihue Plantation Co., Ltd 67 

Oahu Sugar Co., Ltd., ‘*B^^ 121 

Oahu Sugar Co., Ltd., 77 

Waialua Agricultural Co., Ltd 56 

Pioneer Mill Co., Ltd 117 

Pioneer Mill Co., Ltd 73 

Ewa Plantation Company 158 

Hawaiian Sugar Co., May, 1923 218 

Hawaiian Sugar Co., Crop 1924 19 


Ist to 4th Ist to 5th Ist to 6th Ist to 7th 


4 


24 



29 



86 



140 



122 



91 



87 



122 



85 



100 



75 

88 


256 

300 


296 

435 


160 

195 


109 

145 


141 

237 

260 

105 

160 

190 

285 

430 

454 

530 

. . . 

. . . 

45 

... 

• « « 


* Tests taken about 20 minutes after starting from a clean mill, 
t Test oDi A'' tandem with unstrained juice pump. 
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The first three tests for Olowalu Company were taken about twenty minutes 
after the mill started on three successive mornings. The milling plant at this 
factory always receives a very thorough cleaning each night. The other Olowalu 
Company tests were made from to 2 hours and longer, after the first tests 
were taken. The increase was fairly constant after 2 hours. The second test 
at Oahu was on the ''A'’ tandem which has no mill juice strainer, but uses the 
new Honolulu Iron Works unstrained juice pump. This tandem also has steeper 
sides to the juice pans under the mills, than has the tandem. The “A'' train 
has the usual type of strainer with drag conveyor and cush-cush elevator. 

The type of mill juice strainer in general use is not self-cleaning and sour 
accumulations gather under the screens. The juice strainers probably account 
for the largest part of the acidity increase found in the different factories, the 
balance coming from sour accumulations around the mill beds, cheeks, juice flumes 
and receiving tanks. 

With intensive milling it is probable that acidity increase cannot be entirely 
eliminated, but the evidence above indicates that when precautions are taken to 
keep the plants in a sanitary condition the increase can be kept down to a small 
amount. 

Antiseptics are hardly to be recommended, as large quantities would have to 
be used to become effective. The use of a high pressure hot water hose with a 
small outlet is, in the writer’s opinion, the best means of dislodging all accumu- 
lations. The flushing should be done every three hours. If done often, only 
small amounts of water will be needed and a minimum of juice dilution will 
result. A steam hose, while effective at points close to the nozzle, would not 
have enough force to dislodge accumulations under the screen in the juice strainer. 

The acidity test is simple and can be readily made in any laboratory with 
N/2.8 sodium hydroxide and sensitive neutral litmus paper. One hundred cubic 
centimeters of the juice are transferred to a porcelain dish and the standard alkali 
run in from a burette, a few tenths of a cc. at a time. After each addition of 
alkali, stir and test with special neutral litmus paper by making a mark across 
the width of the paper with the stirring rod. The first trace of blue color denotes 
the end point. Each cubic centimeter of alkali of the above strength represents 
.01 per cent acidity in terms of minus CaO. Therefore, a crusher juice titrated 
as above taking 2.1 cc. of alkali will have an acidity of .021 per cent. With a 
crusher juice brix of 22.1 the acidity per 100 brix or acidity per cent density 
would be .095, this being obtained by dividing the per cent acidity by the brix 
and multiplying by 100. See 1924 Methods of Chemical Control, page 42, “Titra- 
tion with Litmus.^’ 

The saving effected by stopping deterioration around the milling plants is 
hard to express in definite terms, as the decomposition processes are very com- 
plex. If it is assumed that the acidity increase is acetic acid at the direct expense 
of sucrose, the difference between the 1923 and 1924 conditions at Hawaiian 
Sugar Company amounts to a saving in sucrose of about 1.75 per cent. Because 
of lack of sufficient reaction data, this figure may not be very close. From the 
juice purity aspect more definite figures can be given. A depression in mixed 
|u|pe |uriiy of 1.0 thiongh deterioration, whi^ is not unreasonable according to 
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other tests, corresponds to about 1.2 per cent sucrose loss. This in turn amounts 
to approximately an additional 1.0 per cent lessened recovery in the boiling 
house, or a total of 2,2 per cent. It is therefore evident that any saving of unde- 
termined loss around the milling plants by preventing deterioration is well worth 
the effort expended. 


Petree Process at Puunene^ 


By Wm. Lough er 

It is rather difficult to write anything on the process without a great deal of 
repetition, after the able manner in which this subject was reported on at the 
1923 meeting of this Association. 

The results obtained from the two years’ operation of the Petree Process are, 
we believe, a fairly accurate measure of what can be expected from the process 
at this mill. Following are figures for the crops of 1922, 1923 and 1924, which 
are calculated on true sucrose base, and are given to show the comparison with 
the crop of 1922: 


Losses: Per cent sucrose in cane 

1922 

1923 

1924 

Bagasse 

. .. 1.8087 

2.9808 

3.0510 

Filtration 

. .. 1.H076 

0.0868 

0.2964 

Molasses 

. .. 7.6425 

5.8412 

6.2769 

Undetermined 

. .. 0.6747 

0.3211 

0.2387 

Total 

. . .11.4335 

9.2299 

9.8630 

Kecoverv 

. . .88.5665 

90.7701 

90.1370 


1922 

1923 

1924 

Cane polarization 

14.78 

14.25 

14.54 

Cane fiber 

12.53 

11.95 

12.00 

Cane tons per hour 

55.78 

52.51 

61.25 

Dilution per cent normal juice 

36.09 

38.11 

34.06 

Extraction 

98.19 

97.02 

96.95 

Java ratio 

82.35 

81.85 

81.18 

The Petree Process has brought about 

differences in 

control that 

do not 


make the figures of 1923 and 1924 strictly comparable with those of 1922. 

The slightly lower Java ratio since the new control, has brought some criti- 
cism, and there may be some basis for this, in that the insoluble portion of the 
mud passing to the fireroom, doubtless goes out at the same polarization as the 
bagasse, and this should be added to the bagasse losses. However, as there was 
a 150-mesh screen used on the Peck strainers during this crop, this amount is 
small and the correction would not effect the Java ratio to a point warranting 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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comment. It has also been intimated that losses during clarification, or at the 
mills may be taking place, which would not show with the present method of 
control. An examination of the following figures, showing the difference between 
the purities of crusher juice and syrup, points out that no abnormal losses can be 
occurring at either stage. These are given for the past five years : 


Purity Difference 

Crop Between Crusher Juice and Syrup 

1920 2.01 

1921 3.09 

1922 2.23 

1923 1.63 

1924 1.64 


The last two years indicate a much better elimination at the clarifiers than 
at any time previous. This was further shown by the brilliant juice obtained, 
and a very decided improvement in the quality and handling of the products 
throughout the boiling house. Turbidity tests are made several times a day on 
clarified juice, being measured with a Kopke turbidimeter on a portion of the 
cooled three-hourly composite sample taken for clarified juice analysis. The 
object is to obtain an average sample of the juices, besides making all tests at a 
corresponding degree of temperature; the readings were much lower on the 
cooled, as against those made on hot juices. We have commonly failed to obtain 
a reading taken on the hot juice at the clarifiers due to insufficient range on the 
turbidimeter. The clarity of the juice as measured, with a few exceptions, fol- 
lowed fairly closely the content of the crusher juice. 

The process the past year has been subject to the same objections as were 
found during the first season’s operation, i. e., a tendency toward polished mill 
rollers, and an excessive amount of juice returning to the mills with the mud. 
Both are detrimental to the extraction, and together with a grinding rate of 16 
per cent faster than in 1923, made us unable to obtain the extraction during 1924 
that we anticipated when we commenced our campaign. 

The effect of the mud at the mills was not felt as keenly this year as it was 
during 1923. This was borne out by the steady and increased grinding rate 
maintained throughout the season, although there was practically no difference 
in the amount of juice returned with the mud to the mills. It again points out 
the effect obtained from the use of the 150-mesh screen on the Peek strainers, in 
having removed a still greater quantity of the very fine cush-cush that formerly 
was passing through the lOO-mesh screen in use last year, all of which is re- 
turned at the mills, and passes on to the fireroom, thus further relieving the clari- 
fiers of this quantity, and avoiding the chance of dissolving impurities contained 
by heat and lime. It may be of interest to note the amount of suspended solids 
removed by 110- and 150-mesh screens from the primary raw juice. 

Per cent on Weight of Juice 
100-Mesh Screen 160 Mesh Screen 

Before strainer , . .... ; ... ... . . J 0 .lff9 ' ^ 0. 467 

After strainer ....... . 0.206 0.143 

Per ee»t removed by strainer^. ^ i i ............. . . . . . . 66,99 69.8 

Dil|i>r^ee reijiOYed by ISO-mesh ser^n*^ * 12,81 
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I regret that we failed to obtain figures with the 100-mesh screen during 1923. 
It would be safe to estimate a difference here of IS to 17 per cent. 

The surplus bagasse accumulated this year was approximately 1,600 tons; 
1,200 tons of this had to be stored outside of the mill building, the remaining 
400 tons were held in the fireroom. The transferring from fireroom to storage 
pile, and again returning it at the end of grinding, to be used for boiling off, 
was done with two 18-inch Sturt evant blowers, operated by two 50 h. p. motors, 
one 1,800 and the other 1,200 r. p. m. in series, using an 18-inch galvanized pipe, 
over a distance approximately 600 feet from the fireroom to storage enclosure. 
In addition to this, 614,262 k. w. were supplied for outside power, netting a very 
substantial credit. During almost the entire crop, bagasse was recklessly con- 
sumed at the furnaces to relieve the congestion. The higher rate of grinding 
doubtless was responsible for a great deal of this accumulation, yet it may be 
safely stated that the process is responsible for a saving of fifty per cent or more, 
due to the enormous conservation of heat in juices, cleaner heating surface in 
boiling apparatus, ease in working of product through the house, gain in higher 
recovery of sucrose in juice, reduction in labor and materials, most of which 
means saving of fuel. The cost of manufacture is certainly a very important 
item in judging the process. This dropped 95 cents per ton of sugar in 1923 
and $1.26 in 1924, indicating a saving on our last crop of 63,258 tons, of $79,705. 
The greater speed of production this year has influenced this figure, but much 
of the difference is due to saving in labor and material in boiling house, which 
is directly due to the different method of operation. 

The juices are limed after passing through the Peck strainers, the required 
quantity being controlled at the clarifiers. Primary juice entering the clarifiers is 
held to a distinct alkalinity to phenolphthalein, while the secondary juice is kept 
between litmus and phenolphthalein neutrality, giving a combined clarified juice 
which is alkaline to litmus but slightly acid or neutral to phenolphthalein, this 
point being found to give best results. 

Liquidation of clarifiers has been found most conveniently handled by cutting 
out one of the units at some convenient time during each week, thus making 
a cycle of the four units once a month, and is frequently accomplished during a 
short shutdown for mill repairs, insutficient cane to supply both tandems, or no 
cane periods. We have found little or no deterioration in the juices occurring 
during an 18-hour shutdown at the end of each week, and as a guard against 
any possibility of a change, the temperature is lowered at the heaters and 25 
gallons of a 10 Baume soda solution per clarifier is added continuously over a 
one hour period before closing down. 

Six 30"xl8" Kopke centrifugal separators were installed during this year, 
and operated the latter two months of the milling season, with the view of 
eliminating the excessive amount of juice contained in the settlings returned to 
the mills. The machines are belt driven at 1,225 r. p. m. from 15 h. p. 1,750 
r. p. m. motors, and are operated by a crew of three men per shift. 

The settlings were limed before passing to the machines, and fed continu- 
ously through a nozzle which we designed, to feed at a rate of 15 gallons per 
minute per machine The feed can be increased or decreased as seen fit, by 
raising or lowering the pressure head which is regulated by a cone valve to 


5 
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which is attached a float in the supply tank, having a series of holes drilled in 
float rod which passes through a pipe guide; adjustments can be made at any 
time at the top of the supply tank. The separation was effectively done and gave 
a very clear run-off. The average time per cycle, separating and discharging 
mud from machines, was approximately ten minutes. The run-off was returned 
to the secondary cold juice, it being of the same purity as the secondary clarified 
juice. Besides, the excess lime it contained was corrected, and only a small addi- 
tional quantity of lime was needed to bring this portion of the juices to the 
alkalinity required. The mud, being discharged into a mixer, was sufficiently 
thinned with a small quantity of water that is used in discharging the machines, 
and its disposal, whether it be returned to the mills or discharged to the sewer, 
must of course be determined by the per cent polarization it contains. For the 
period we operated, the average polarization was 5.36 and a moislure of 74.94. 

The present installation proved to be only about 60 to 70 per cent of the 
capacity required to treat the total settlings, which made it impossible to get 
figures which would be at all comparable. This also prevented us from obtain- 
ing the dilution of secondary juice that we had anticipated. Furthermore, had 
we been able to put the. total settlings through the centrifugals it can be safely 
stated that the polarization of the mud cake would have been reduced by 50 
per cent. 

The capacity of this station for our 1925 campaign is to be increased by four 
additional 40-inch machines, which will enable us to treat the total settlings, 
thereby permitting the necessary dilution at the mills, and the consequent lower- 
ing of the brix of the secondary juices, all of which will aid in increasing our 
recovery. 

Best results with the process can only be obtained by keeping the brix of the 
secondary juice at as low and uniform a point as possible, with a correspondingly 
lower polarization of the mud. This can be accomplished only by strict observ- 
ance in maintaining an absolute separation of the juices and the macerating 
quantities regularly applied at their respective points at the mills; and also by 
controlling the adjustments on Dorrco pumps on each clarifier to give an even 
flow of mud at all times corresponding to the quantity and quality of cane ground. 

In the event of obtaining a low polarization in the mud, it may be considered 
preferable to dispose of it to the sewer, discontinuing the practice of its applica- 
tion to the bagasse at the mills. Such a change would not be advisable unless 
the mill water containing the discarded mud could be distributed over new areas, 
preventing over-application on that section of the plantation that has been cus- 
tomarily receiving the mill water for irrigation heretofore. However, this point 
will be decided here when the results from separation of the total settlings are 
obtained. 

The loss of metal or wear of mill rollers with the process is very much less ; 
it appears to be due to the absence of the natural acidity of the juices in the 
bagasse, which is partially corrected by the lime contained in the settlings. This 

year we found it necessary to take a light cut witlu4h.e grooving tool once a 

month off of all the top rollers, which is somewhat oftener than was our usual 
practice, but did not require any more than sufficient to remove the polished 
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surface; and it is doubtful even with the somewhat more frequent grooving that 
we reduced the sizes of the rollers any faster than was done by the action of the 
acid juices under the former method. However, this, of course, will change in 
either case, depending on the iron of which they are made and the tonnage 
ground. 

Changes are being made in view of obtaining a better compression of the 
settlings for the coming season. This consists in lowering Dorrco pumps thir- 
teen and one-half inches, bringing overflow lip of pump to within one and one- 
half inches above level of juice in the clarifier and in enlarging mud cone at bot- 
tom of clarifiers from 18 inches diameter by 6 inches deep to 42^2 inches 
diameter by 42 inches deep. My belief is that this change will aid in further 
concentrating the settlings and will act as a depositing chamber for the mud 
as it is scraped off the bottom tray surface. In addition to this, six scraper arms 
in place of four as originally designed will be used on the lower trays only, which 
will advance the precipitated bodies to the central cone a little faster than obtained 
originally. 




68 


It was our intention to install the cones last year, but were unable to do so 
on account of time. The knowledge and description of this arrangement was 
conveyed to the representatives of the Petree and Dorr Company, at that time 
and I now understand that this arrangement is being incorporated in their later 
designs. I was informed by Mr. J. P. Foster recently that the new unit now 
being installed at the Maui Agricultural Company, Ltd., is equipped with a cone 
30 inches in diameter by 20 inches deep. Mr. Foster is presenting his report on 
the process personally, which will contain an interesting description of piping 
arrangement for drawing off the mud, replacing the Dorrco pumps. Mr. C. G. 
Murray, of the Hamakua Mill Company, has expressed his regrets at not being 
able to contribute, necessary data not being available due to not being through' 
with their harvesting. He no doubt will verbally express his views at the meeting. 

My conclusions are that the process as a whole, although it possesses some 
objectionable features, which can be overcome through experiment and improve- 
ment, has given us at Puunene a very substantial return on the money expended, 
and this is what must finally decide its value to the industry. 


Fine Straining of Raw Juice^ 


By D. G. Conklin 

Mechanical difficulties in the fine straining of raw juice have been overcome 
so that this report will be mainly devoted to the theoretical reasons for fine 
straining and the subsequent effect of such straining on boiling house work. 

The literature of the sugar industry contains numerous references to the 
desirability of removing suspended matter as far as possible before the operation 
of defecation. The finely divided matter which is organic is affected by the 
action of heat and lime, this varying with the state of subdivision of the particles, 
the ex'ent of liming, and the length of time of exposure to high temperatures. 
The total amount of impurities liable to go into solution is not great, but its 
presence is felt throughout the process of manufacture. There is usually an 
effect found as regards the increase in purity from mixed juice to clarified juice. 
The H. S. P. A. Experiment Station reports as follows: 

It can then be stated that if cush-cush is present when juice is limed and heated, a 
part of it goes into solution, adding to the imj)urities in the juice, with the result that the 
Increase in jmrity secured during claridcatiou is less than it would have been had no 
cush-cush been present. From a chemical point of view, keeping the mixed juice as free 
frpm cush-cush as possible is desirable; indeed, a more thorough screening of the juice 
than is the usual practice would probably be profitable. Some efforts have been made 
along this line and the problem does not seem insoluble. In this connection we would note 
that the fuel value of the recovered cush-cush is a considerabJf_item. Heavy liming of 
the settlings, from the point of view, is an objectionable practice, for the greater 

* Piesented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Bon<Jr|blu, OctoW^ 
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part of the cush-cush is concentrated in these settlings and conditions are favorable t&r 
dissolving further portions of it. While it is true that according to the indications of our 
experiments, the depression of the purity due to the average amount of cush-cush found 
in the juice does not appear to be large, a constant effect of this kind results in a loss 
of considerable magnitude. Record, Vol. XXV, p. 124. 

The Station found that the effect of cush-cush elimination was to increase the 
purity during^ clarification by 0.2 per cent, and it was found in actual practice 
that a clarified juice of greater clarity resulted. It was noted that the volume 
of settlings from strained juice was lessened and that the precipilated impurities 
settled out more rapidly, particularly in the case of dirty cane. This made for 
a better capacity at the settling staUon. It may be possible that the advantage 
as regards clarification was not due so much to the removal of cush-cush and its 
soluble components as to the possibility of using more lime for clarification, 
utilizing the additional settling capacity derived from the removal of much of the 
suspended matter. 

Jn addition to the advantage of an increase in purity during clarification, 
there should be an important effect on the quality and quantity of low grade 
products. This cannot as yet be positively stated, due to obvious difficulty in 
applying abstruse effects to concrete results. However, the elimination of finely 
suspended matter is most certainly not deleterious to the working or exhausting 
of low grade products. 

If it is found possible to reduce the c«ake from strained juice to the same 
])olarization as obtained previously, the loss at this station will be materially 
reduced. Reports from factories using the fine strainer show that in many in- 
stances the polarization of the cake has increased appreciably, although the amount 
of cake was reduced about 25 per cent. This is, of course, due to the absence 
of the filter-aid properties of cush-cush. The characteristics of press cake are so 
variable that it may well be that any alteration in its make-up will have an in- 
fluence in either direction, beneficial or otherwise. An interesting question is here 
jM'esented in regard to the amount of sugar actually recovered by excessive 
washing. It is believed that down to a reasonable exhaustion, washing is justi- 
fied by the amount of water used in sweetening-off^ but after a certain point 
there is doubt whether the evaporation of the water pays for the extra polariza- 
tion recovered, and whether there may not be a resolution of imi)urities from the 
cake which would more than offset the reduction in polarization. This is a point 
that is worthy of attention. There are no data available in which the purities of 
successive washings of the presses are given. It is realized that this would be a 
difficuU problem, principally because of the low density of the last runnings. 

Another result of fine straining will be additional fuel, in the form of 
bagasse, the amount removed varying with the variety of cane being ground, the 
preparation of the cane before crushing, and the condition of the Messchaert 
grooves, scrapers, and returner bars, and also on the size of the perforations of 
the mill strainer. Tests at various places have shown that of the total suspended 
matter in the raw juice from 15 per cent to 46 per cent is taken out by fine 
screening. Assuming that the screen removes 30 per cent it is found that with 
.50 per cent suspended matter on mixed juice, there is removed the equivalent 
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of .25 per cent bagasse of 40 per cent moisture, on mixed juice. It seems fair to 
give this removed material the value of bagasse, as it is mainly organic matter, 
the finest particles, such as silt and soil, being taken out to a much lesser extent. 

An advantage from fine straining which is not computable in dollars and 
cents is the easier cleaning of heating surfaces. With the removal of relatively 
large quantities of organic matter, there is less left to accumulate on the tubes 
of heaters and evaporators. The advantage is quite evident particularly where 
the cane is dirty from adhering soil. In'ca.ses where the cane is fed to the mill as 
in flumed plantations, there will likely not be a compensating advantage. 

It is certain that theoretically there should be a real advantage in the fine 
straining of raw juice, and it may be that with better acquaintance with these 
new conditions we will find that practice will agree with theory. 

Calculations of Savings Due Strainer 

Assume a factory handling 100,000 tons of juice per season. At Hawaiian 
Commercial & Sugar Company, laboratory tests have shown that 0.4 per cent of 
dry suspended matter is removed from the juice. McBryde gives .15 to .40; 
and Los Mochis reports 0.3 p^r cent. Taking 0.3 per cent: 100,000 tons juice at 
0.3 per cent = 300 tons dry matter. At 45 per cent moisture, this is equivalent 
to 545 tons bagasse. With one ton bagasse equal in fuel value to a barrel of 
oil, at present value of oil ($1.50 per barrel), this is worth $817.00. 

Press Cake Losses: Assuming that press cake amounts to 2 per cent on 
juice and contains 3 per cent polarization, a reduction of 25 per cent weight of 
cake with same polarization is a saving of 15 tons sucrose. Assume 80 per cent 
recovery as 96 test sugar : this equals 12 tons of sugar, worth, at $80 per ton, $960. 

Molasses: vStarting with a syrup of 85 purity and ending with a sugar of 
96 polarization, 97 purity, and a final molasses of 38 gravity purity, assuming 12 
per cent polarization in juice, a reduction of 1 degree purity in the molasses 
corresponds to a gain of 48.35 tons 96° sugar, worth at $80 per ton $3868. 

Syrup: If besides the decrease in molasses purity of 1 degree, the syrup 
purity is raised 0.2 per cent, the extra recovery as 96 sugar will be 69 tons, 
worth $5520. 

Extra Expenses: There must be allowance made for interest and deprecia- 
tion on the apparatus, say at 20 per cent, $500; and replacement of the fine screen, 
say, three times in the season at $120, or $360. There may be an extra cost for 
lime; if this amounts to 25 per cent, which is extreme, the additional expense 
will be about $300 for this material. We then have : 


Fuel value bagacillo $ 817.00 

Press cake savings as sugar 960.00 

Sugar from lower molasses and higher syrup 5,520.00 $7,297.00 


Bepreciation, etc * * . . $ 500.00 

New screen 360,00 

Additional lime 300,00 1,160.00 


Possible net gstin $6,137.00 



71 


These conditions are probably ideal and will not be realized in practice, but 
there is sufficient margin to warrant the trial in any factory where there is need 
of improvement in quality of clarification, quality of sugar, or such other opera- 
tions as cleaning of heating surfaces, to which a value cannot be given with any 
degree of accuracy. 

The following are extracts from reports received from factories which have 
used the Peck strainer during the past crop. 

Mr. Norman King, Chemist at Koloa Sugar Company, writes: 

I hesitate to say too iimch one way or the other until we have had more experience 
with the Peck fine juice strainer. An average covering a iieriod of five weeks before 
and five weeks after the installation discloses the following results: 


Press cake per cent cane 

Polarization per cent cake 

Polarization cake per cent cane 

Moisture per cent cake 

Dry non-sucrose per cent cane.. 
Lime, jjounds j)er ton cane 


Before After 

3.30 2.30 

2.07 3.15 

.0683 .0724 

74.76 79.49 

.765 .399 

1.67 2.45 


Any effect on low grade work was lost in the presence of higher juice purities and the 
recent installation of a No. 2 massecuite nnngler, for the purpose of mixing water into 
the low grade massecuite [>rior to drying. It can be said, however, that the quality of work 
at this station was conspicuously improved. 

The McBryde Sugar Company has had a Peck strainer equipped with a 100 mesh 
screen in oi)cration since January 14, 1924. Contained in a recent statement from this 
factory are the following: 

Immediate Eesults: After installation the .suspended matter dropped to less than 0.1 
per cent on mixed juice. 

J^jfeet on Prc8.s Cake: 

To January 14 After 

(?ake per cent cane 2.16 1.66 

I^darization per cent cake 2.41 2.33 

Polarization in cake per cent cane .053 .039 


Increase in Purity: Up to January 14th the increase in purity averaged around 1.1; 
for seven weeks with the strainer it averaged 1,68. 

Pvaporators: After the installation of the strainer there was a noticeable improve- 
ment in the ^‘cleaning evaporators’^ item. The scale was light and easily removed. 

Fuel Value: The removed bagacillo was equivalent to about 250 tons of l>agasse. 

Prop in Waste Molasses: The reports show a gravity purity of molasses to and in- 
cluding January 12th of 39.36, and to April 26th of 38.34. There is a drop of one point, 
})art of which should be credited to the strainer. 


Mr. B. B. Henderson, of Lihue, writes in part: 

On May 1st of this year a Peck strainer was installed in the Lihue factory. No 
mechanical difficulties were experienced. A weekly cleaning of the screen with hot caustic 
soda solution was sufficient to keep it functioning properly. 

The results of fine screening are not easily arrived at. A new juice was delivered to 
the boiling house and it is possible that this affected every station and product in the 
house. These effects might be classified in two ways. First, a§ results that appear on the 
factory reports, and second in the working of the products. 

Under the first classification the following appear: 



Cake per cent eane 

Cake polarization 

Polarization in cake per cent cane 
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April 

May 

June 

July 

...2.23 

1.75 

1.80 

1,75 

. . a. 13 

3.29 

3.49 

2.76 

. . .0.025 

0.058 

0.063 

0.048 


The results to be recorded under the second classification are far more difficult to 
arrive at than the first. However, the following is stated: the result of fine screening 
had no apparent effect on the work at any station that could be observed in the course 
of manufacture, with the exception of the presses, where at first it was impossible to get 
a cake. This difficulty was overcome by heavy liming and there was no clogging of the 
mud lines as sometimes occurred before the removal of cush-cush. 

The only results that can be definitely attributed to the removal of cush-cush from 
the raw juice at Lihue during the 1924 crop are as follows: 

1. Double the loss of sugar at the press station. 

2. Difficulty at this station overcome by heavy liming. 

3. No clogging of pipe lines carrying settlings. 

In conclusion, tlie writer wishes to emphasize that this report is based on the work 
at one factory covering only a short length of time. Fine screening is to be continued. 

At Kahuku, the fine screen was operated during alternate months in an attempt to 
ascertain, in a practical way, what results could be attributed to the strainer. Unfor- 
tunately, our settling tank capacity was under par so that a cycle of less than one hour 
was not uncommon. This handicap no daubt rendered further comparisons in boiling 
house work almost useless, since it is obvious that ample settling capacity is essential 
toward a maximum increase between mixed juice and clarified juice, and, to a similar 
extent, in the handling of low grade products. It may then bo due to the above cause 
that we report no noticeable difference duo to fine screening, either in our factory opera- 
tions or our laboratory reports, mud presses excepted. 

No great difficulty was experienced in getting a good })rcss cake from fine screened 
juice. Closer supervision at this station w^as necessary, however, special care being 
taken in regard to liming, the time in filling and the proper time of Washing the presses. 
Mud press data for the first six months of the 1924 crop are as follows: 

Press Cake Cake j)er Pounds Lime Pol, in Mud 

])cr cent Cane cent Polarization per Ton Cane per cent Cano 

Fine screened juice 2.04 3.71 2.23 .076 

Ordinary screened juice... 2.60 3,04 1.57 .079 

Mr. Lougher, Factory Superintendent of the Hawaiian Commercial & Sugar 
Company, reports : 

The value of the Peck strainer is observed in its use for removing the enormous 
amount of finely divided bagasse, or cush-cush, passing through the mill strainers. The 
benefits obtained by its removal may be enumerated as follows: 

1. Its use in conjunction with the Petree Process is ideal, giving a decreased amount 
of material to be returned to the mills from the clarifiers, consequently a better extrac- 
tion and increased fuel. 

2. There is a decided increase in the capacity of clarifiers, better clarification, better 
quality of sugar, lower molasses losses, and lower costs, besides assisting in removing 
the media that finds its way into the sugar crystals, producing and assisting propagation 
of bacteria, causing inversion and sugar loss. 

3. The extraction of gummy substances from the cush-cush due to the action of heat 

and lime is avoided; hence, better working products throughout the house. This is espe- 
cially noticeable in the drying of low grades. 

4. The accuracy of control is greater, due to elimination of cush-cush which is other- 
wise weighed as juice. The figures ** bagasse per cent cane^^ and ‘Hons juice entering 
boiling house are more nearly correct. 
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5. By proper treatment of settlings a press cake can be obtained which will con- 
tain only a fraction of the sugar lost at this station when the cush-cush is allowed to 
enter the boiling house, as only a fraction of the volume of solids is present to be filtered. 

6. I will state that all the finely divided suspended matter removed by the Peck 
strainer will prove a valuable aid to the installation of Kopke separators now being 
erected, in that the absence of this matter will mean greater capacity by increasing the 
time of cycle due to the decreased volume of solids to be removed. 

I would stress one important advantage of this system of straining the juice. 
After periods of very rainy weather the cane comes to the factory with large 
amounts of soil sticking to the cane stalks, adventitious roots, and unburned 
leaves. This finds its way naturally into the juice and eventually to the presses, 
and is one of the principal causes of difficulty in filtration. The strainer removes 
not all but a considerable amount of this unwelcome material from the process, 
and under such conditions makes for an immediate improvement at the press 
station. 

Another point has been raised as to the possibility of increasing amounts of 
bagacillo being returned from the mills until more is delivered to the strainer 
than it can handle; this has never happened at Kahuku. It would appear that 
the fine material returned to the mill is retained by the bagasse blanket, and a 
uniform amount regularly dropped into the juice. 

In conclusion, the writer would state that during the next season the strainer 
will be operated off and on during definite periods, so as to obtain more precise 
information as to the effect on the work of the house. 


Plantation Railways and Equipment* 


By E. W. Faiilgren 

The railway system of a plantation, which uses this means of transportation, 
is one of its most important units, although in many cases it does not get the 
same careful consideration and attention as do other units of equal or lesser im- 
portance. A fine, big, up-to-date and highly efficient crushing plant and boiling 
house, with tons upon tons of the finest cane grown, is of little use without 
adequate, means of transporting the cane to the mill and the raw sugar from it. 

Railway transportation is unquestionably the most efficient means now in use 
for transporting heavy loads of any kind. It has numerous advantages, chief 
of which are reliability, standardization of equipment and component parts, and 
comparative ease in training men to operate. There are also some disadvantages, 
the two main ones being the difficulty of surmounting steep grades and negotiat- 
ing sharp curves. 

The work of locating railway lines gives many opportunities for engineering 
ability of the highest order. The locating engineer should first ascertain the 

^ Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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amount of money available for construction purposes, the probable amount of 
traffic, general nature of rolling stock to be used, approximate amount of mileage 
that will be required, including mill yards, branches, and sidings, and the gauge 
of track. The gauge of track plays an important part in the locating of lines 
and should be given considerable thought. 

In selecting a track, gauge, first consideration should be given to the gauge 
of any already established commercial railway which would act both as a feeder 
for incoming supplies and as an outlet for sending raw sugar to the port of ship- 
ment. If there is no such railway, then consideration should be given to the 
gauge of other plantations in the vicinity as inter-connecting railway lines are 
sometimes very useful. Care should be taken in such cases, however, as the 
gauge may be one that is too narrow for efficient operation of rolling stock. 

The standard gauge of the United States is 56^" and plantation gauges run 
from this down to 20". Plantations in Cuba use the 563^" gauge, as they 
operate cane cars of 30 and 40 tons capacity with eight wheels under them, the 
small 5-ton, 4-wheel car being almost unknown. In the Philippines two gauges 
only are used, 36" and 42" ; only one Central has a smaller gauge. Brazil uses 
mostly the meter gauge, Here, in Hawaii, we have 5634", 36", 30" and 

24". The 36" gauge predoniinates on most of the plantations and this gauge 
has become known as ‘‘the standard narrow gauge” among manufactures of nar- 
row gauge equipment. 

Carl B. Andrews, in his article on “Transportation” in the Planters' Record 
of 1918, gives the advantages of narrow gauge railways over the standard gauge 
as follows : 

1. Lower original cost, because of the smaller dimensions of rolling stock, 
requiring narrower cuts and fills and light track, and, because of the possibility 
of using sharper curves, the ability to fit the line to the terrain closely. 

2. Because of the possibility of sharp curves, it is easier to take the track 
into close quarters near mills, etc. 

Among the disadvantages he mentions: 

1. The impossibility of changing the gauge to standard after a narrow 
gauge has been once adopted, without great cost. 

2. Delay in obtaining from manufacturers of rolling stock, material, locomo- 
tives or cars which differ from the accepted standard. 

3. Limitation of carrying capacity because of small locomotives and cars. 

The writer agrees with Mr. Andrews in his statement of the advantages of 

the narrow gauge, but does ^not agree on all his disadvantages under present 
manufacturing conditions. The first mentioned disadvantage is, of course, a real 
one, but it need hardly be considered, for, after a plantation has once adopted a 
gauge, say of 30" or 36", there is hardly any likelihood of their changing it to 
the standard gauge of 5634". 

The second disadvantage does not apply today, as there are any number of 
reliable manufacturers of locomotives and cars who specialize in narrow gauge 
equipment. Some of them carry large stocks of narrow gauge equipment in the 
various sugar-growing countries. There is a delay in manufacturing some items 
of narrop gauge equipment, but this applies as well to standard gauge or any 
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other accepted standard, for no manufacturer keeps locomotives and cars on hand 
ready to be shipped at a moment’s notice, unless it is second-hand equipment. 

The third disadvantage still exists but is practically negligible, for none of 
our local plantations are handicapped by inability to haul their cane to the mill 
on account of the narrow gauge. If they are handicapped at all, it is through 
lack of necessary equipment for hauling. 

After the above digression the writer will get back to the locating of the 
railway lines. The locating engineer, having all the foregoing information in 
his possession, is now in a position to begin his surveys. He should first care- 
fully look over the country surrounding the plantation and ascertain roughly 
where the railway lines will have to run, ever keeping in mind the necessity of 
obtaining as low grades as possible even adding a reasonable distance to his line 
to accomplish this. After doing this, he should start his actual surveys, com- 
mencing at the mill site, or from a point where the mill yards will commence. 

When the line is once permanently located, cross-section work should start so 

that grading may begin. 

Fills should be made wherever possible with a width of 12 feet on top, so 

that there may be 3 feet clear on each side of track outside of ties. This pro- 

vides a space for unloading ballast without waste, gives room to walk alongside 
of a loaded train, and often saves bad wrecks by preventing derailed cars from 
rolling down an embankment. 

Cuts should be laid out to give at least 14 feet in the bottom so that a 2-foot 
ditch can be made on each side to drain water from the cut. 

Drainage is an important factor to consider. Openings provided with ditches 
leading to them should be put through the grade at all places where water is likely 
to accumulate and damage the track. If a culvert is to handle this, it should be 
put in while the grading is being done. Culverts may be of square concrete, 
concrete pipe or corrugated galvanized iron pipe. A concrete head should be 
put on to keep the water from washing around the pipe. 

Bridges should be of ample length to take care of flood waters. Short 
spans can be built up very cheaply by using concrete piers and standard I beams. 
Wide spans, from 20 feet up, should have steel girders or truss construction 
with concrete piers or abutments. Hard wood may be used in bridge construc- 
tion, but steel will be cheaper in the end if given proper attention. 

Crushed rock makes the best material for ballasting, although sometimes it 
is possible to obtain river gravel mixed with sand which makes a very good 
ballasting material. 

As curves is one of the chief factors in limiting the tonnage hauled over a 
railway, it is well to give them careful thought. Due to the many factors in- 
volved, it is impossible to give an exact rule for computing the resistance due 
to curves of any given radius. It is generally considered, however, that the 
resistance amounts to from .7 of a pound to 1 pound per ton per degree of curva- 
ture, the lower figure being used for large capacity cars and the higher figure for 
smaller capacity cars, as in the latter case there are more wheels and axles per 
ton of weight than in the former. 
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The sharpest curve to which two pairs of flanged wheels will adjust them- 
selves, depends upon their distance apart, the diameter of the wheels, and the 
size and shape of the flanges. 

Taking the Master Car Builders standard for flanges and rails and assuming 
that the gauge is not widened on the curves, a sufficiently accurate formula for 
all practical purposes is as follows : 

w 

R in which 

2 sill a 

R = radius of the sharpest curve that can be passed, 

W == wheelbase of ear or locomotive, 
a = angle the flanged wheels make with the rails. 

The minimum. radius advisable for plantation use may be taken as about 175 
to 210 feet, although in a great many cases a smaller radius has to be used. 

The outer rail on all curves should be elevated and the amount of this eleva- 
tion may be determined from the following formula, presented at the annual 
meeting of the American .Railway Engineering and Maintenance of Way Asso- 
ciation in 1905: 

E = .00066DV2, 

where E = elevation of outer rail in inches, 

1) = degree of curve, 

V = velocity of train in miles per hour. 

Since the elevation required is a function of, and depends upon, the train speed, 
this speed is the first element to be determined. Ordinarily an elevation of 8" 
is not exceeded and speed of trains should be regulated to conform to that 
elevation. 

At the 1919 convention of the American Railway Master Mechanics Associa- 
tion the committee on widening gauge of track at curves recommended as follows : 

Curves 8 degrees and under should not have the gauge widened. Gauges should be 
widened for each two degrees or fraction thereof over 8 degrees to a inaximum of 
Gauge, including widening due to wear, should never exceed 1". 

Grade is the other chief factor that controls the tonnage that can be moved 
by a given power over the railway. The maximum grade must not exceed that 
up which the power to be used may haul the desired load to be taken up ; also 
the grade must not be so great that the braking power used will be insufficient to 
stop any downcoming train within a reasonable distance should necessity 
require. ■ 

When a train is hauled up a grade, the resistance due to friction is increased 
by that due to lifting the train against gravity. The amount of this increased 
resistance is delermined as follows : One mile equals 5,280 feet, and, if the grade 
be one foot per mile, the pull necessary to lift a tom-of 2,000 pounds will be 
2000/5280 equals .3788 pounds pet ton of 2,000 pounds; the rise in feet per mile 
must }>e multiplied by .3788. 
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If the grade is expressed in feet per hundred or per cent, the resistance in 
pounds per ton of 2,000 pounds will be 2000/100 equals 20 pounds for each per 
cent of grade. 

To resistance so oblained must be added that due to speed and internal fric- 
tion in order to find the total resistance in pounds per ton. In the cases of 
standard railroad cars and the average plantation car using brass or bronze bear- 
ings the frictional resistance can be safely figured at 10 pounds per ton of load. 

Until just recently too little attention has been paid to the size and weight 
of rail used for track. Of course, when the majority of our plantations were 
started, years ago, their locomotives were much smaller and lighter than those 
of today. Considerable money could have been saved, however, by originally lay- 
ing heavier iron rails, which were easily and cheaply obtainable in those days. 

The average steam locomotive for plantation use today weighs from 15 to 
20 tons, and for such locomotives nothing less than 35-pound rail should be used, 
horty or forty-five-poimd rail would be preferable, as these weights would better 
bridge over a rotten or broken tie and stand up over soft places without kinking. 

In the purchasing of light steel rails there are three kinds to be considered. 
By light rails is meant those weighing 60 pounds per yard and less. The dif- 
ferences are as follows : 

1. ‘'Billet rolled” rails. 

2. “Re-rolled” rails. 

3. “Re-laying” rails. 

“Billet rolled” light steel rails are markeled under no definite specifications 
regarding the quality of the steel that is used in their manufacture. The result 
is that this opens up great possibilities for the large primary steel mills (nianu- 
facluring “diversified” products) to roll into light section steel rails their accu- 
mulation of steel representing off heats or discards, or that spongv portion of 
the billet which railroad specifications oblige them to eliminate in rolling standard 
heavy Steel rails. It is obvious, therefore, that such mills naturally turn to light 
steel rails in the effort to utilize such discarded steel that would otherwise have 
little more than scrap value. 

“Re-rolled” rails, it must be understood, are made from standard heavy steel 
rails and the raw material of the re-rolling mill consists of these heavy section 
tee rails, ranging in weights from 60 to 136 pounds per yard, which have been 
taken up from various tracks because their years of service have caused them 
to wear to. such an extent as to make them unusable for further active railroad 
service in that location, or possibly because they were to be replaced by heavier 
rail sections due to increasingly heavier traffic. These rails, having been used 
by the largejst railroad interests in this country, were, at the time of their in- 
stallation, subjected to the most rigid tests covering their chemical and physical 
qualities. 

The rails upon being received by the re-rolling mill are subjected to a pre- 
liminary inspection, after which they are broken into such lengths as may be 
necessary for the manufacture of the new light section rails. This breaking 
process affords just the opportunity necessary to detect pipes, flaws, or improper 
molecular construction, as well as other defects which sometimes exist even in a 
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new heavy rail. Such material, of course, is immediately discarded as unfit for 
use, for, if an attempt were made to roll it, the defect would become more 
apparent, resulting in a cobble or scrap rail suitable only for resmelting purposes. 

The rails are then charged into a furnace where they are heated to the proper 
rolling temperature, and from this stage the process of manufacture is identical 
with that employed by primary rail mills; that is, the heated rail receives the 
necessary number of passes through the rolling mill to reduce it to a given cross 
section required for a light rail rangipg in weight from 8 pounds to 60 pounds 
per yard inclusive. After the rail has gone through the finishing pass, it is hot- 
sawed to the desired length, cooled, straightened, punched for splice bars, and 
finally passed on to the inspection department where a rigid inspection prevails, 
with the result that all “A’’ number one materials receive the classification of 
''New First Quality’' and number two material receives the classification of “New 
Second Quality,” and under these classifications is ready for the market. 

This re-heating and re-rolling process overcomes entirely any crystallization 
which may have occurred in the old rail by reason of its previous service and 
fully restores it to its original strength and character. 

Proof of this lies in the fact that, consistent with the well-known law, the 
more that steel is re-healed, re-rolled, hammered, or otherwise worked, the finer 
will be its quality. 

Summarizing: we find “Billet Rolled” light steel rails are, for the most part, 
rolled from offbeats, or discards, or from steel which proved inferior for the 
purpose for which it was intended. Rails rolled under the “Re-rolling” process 
are manufactured from steel made expressly for rail purposes which has stood 
the full test required in such use. 

“Re-laying” rails are secondhand rails which have been used and taken out 
of service for any number of reasons. Such rails should never be bought unless 
an exceptionally favorable price is offered and a rigid inspection made at time of 
purchasing. 

Rails that have been in use for some time should be replaced when the splice 
bars are being chipped by the wheel flanges, when the side of head is worn as 
much as 34" the original width, or when the side of the rail head is worn to the 
shape of the wheel flange and fillet. 

Ties should be at least 5" by 7" by 6', hard wood preferred. Hewn ties 
are always the best if obtainable, as bearing surface is what is wanted and this 
is more readily obtained from hewn ties. Ties measuring 6" by 8" by 6' are 
being generally used as a standard size. No uniform rule can be made for the 
spacing of ties due to the varying elements that govern this, such as sub-grade, 
depth of ballast, axle loads, etc., but 24" center to center of ties has become 
somewhat of an accepted standard in track laying. 

The nail-spike is the American standard for fastening rails to ties and these 
should be used four to each rail fastening or eight spikes to each tie. Passing 
trains produce a movement which gradually lifts the spikes out of the tie, but 
this causes no real danger to traffic provided the spikes jare re-driven every so 
often by the section crew. A test made some years ago by prominent railroad 
engineers determined that the nail-spike was, in general, more efficient than the 
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screw-spike. Spikes should be driven straight, as a spike driven with a slant 
under the rail does not have the holding power of a straight driven spike. 

Frogs should not be put in for branches or sidings when laying track, as 
this necessitates the cutting of rails later when the turnouts are laid. By using 
one pattern of standard frog all that is necessary afterwards is to open a joint, 
throw the rail out, and then place the frog. Thus a standard length of lead rail 
will always fit and it will be interchangeable with any switch on the line. If the 
joint does not fit the engineer’s frog point, open the back joint instead of the 
front one and then compound the curve to fit the engineer’s centers ahead. On 
sidings it can be moved ahead or back a few feet to suit the joint opened. 

The following table will give characteristics of frogs having different numbers : 
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Particular attention should be given to the power used on plantation rail- 
ways. By power is meant anything that moves the cars over the rails, be it ani- 
mals, motors, or locomotives. Steam locomotives have been, and are yet, the most 
common source of power for plantation use, although motor-driven locomotives 
are coming to the fore, and our manufacturers of steam locomotives, for nar- 
row gauge use, are giving considerable attention to this type of locomotive. 

The hauling capacity of a locomotive depends primarily upon the weight car- 
ried on the driving-wheels; hence it i^ important, in engines designed for heavy 
service, to utilize for adhesion as large a portion of the total weight as operating 
conditions will permit. The ideal locomotive, as far as hauling capacity is con- 
cerned, would, of course, be one having its entire weight, including that of fuel 
and water, carried on (he driving wheels. 

For plantation service it is not safe to assume that there is a standard type 
locomotive. A locomotive of certain type may give perfect service on one planta- 
tion, while on another plantation, where the working conditions are different, it 
would be an absolute failure. On the large American railroads there are certain 
types used for switching purposes, others for freight, and still another for pas- 
senger, but for plantations, where the .service is all switching and freight with 
varying working condilions; there can be no real standard. 

In figuring on a locomotive, do not go by what the other fellow has, but let 
your conditions of service be known to the locomotive manufacturer who will 
give you a specification which meets your requirements. 

The cane cars as used on plantations are for the most part an entirely dif- 
ferent proposition from locomotives and it is possible and advisable to stand- 
ardize. There are two types of cars used on Hawaiian plantations having the 
same general construction, but with some deviations according to ideas of best 
service. Incorporated into these cars are parts or accessories, in some cases of no 
known vStandard and, where such conditions exist, the plantation, unless they 
anticipate their requirements, experiences delays in getting such material. All 
the manufacturers of narrow gauge railway equipment endeavor to standardize 
their material and none of them stock anything special. The majority of acces- 
sories in the make up of a cane car are standard with all manufacturers and if 
such is not exactly the case, they at least are interchangeable. When these 
standard parts are used the plantation does not have the delay in getting parts 
as they may be purchased from any one of the manufacturers represented. 

The use of '‘side stake'' and "side door" cars here is about equally divided. 
The "side door" car in the opinion of many is better adapted for loading "hapai- 
ko" than the "stake" car, as runners may be rested on the top of the door and 
the loaders drop their bundle of cane into the car from this runner. The side 
door also acts as a chute into the carrier when the car is being unloaded. The 
advantage of this type car is its compactness, as it has no stake pockets or stakes 
to become loose or get stolen. One disadvantage, while not serious, is ever 
present, viz., the difficulty in releasing the side doors with the pressure of a 
load of cane on them. The present type of chain latches holding up the doors 
is very efficient in its function, but in the cane shed, they are sometimes too 
efficient in that they do not always easily release the doors. Considerable pound- 
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ing and hauling at the releasing rings is quite often necessary before they will 
let go. Several types of door latches have been tried out from time to time, but 
none of them has been a success. The most successful one is “The Boyum 
Latch/’ which is the idea of Mr. E. E. Boyum, and is used by Maui Agricultural 
Company. This latch consists of a flat steel bar running across the end of the 
car, bolted to end stakes and having a lug on each end. The chain part of the 
latch is fastened to the sidedoor with the usual eyebolt on one end, the other end 
having a link large enough to fit over the lug on cross bar. This link is held on 
the lug by a two-lipped lever, which is pivoled along the side of the lug. When 
the lever is in a vertical position, the outside lip holds the link in place on the lug 
and, when this lever is moved counter clockwise, the inside lip slips under the 
link and slides it oflF the lug. No pounding is necessary to release this latch and 
at the same time it holds the door securely in place. 

The stake type car has its adherents, but they all admit the disadvantage of 
having the stakes lost or stolen. The loss of stakes runs quite high each year. 
It is surprising how quickly nicely cut stakes can disappear from a car. This 
loss runs so high in some places that old boiler tubes and rough cut “kiawe” 
limbs are being used for stakes. It is also quite necessary with the stake car 
to have stake pockets that firmly hold the stakes in position and that are easily 
released with the pressure of the cane against them. Several ditferent types of 
releasing pockets are now being used, all of which seem to be giving a fair degree 
of satisfaction. Some plantations make side racks for use with this type of car in 
which case the stake pockets are the solid type and the racks are lifted, more 
often torn, from the car by means of a hoist in the cane shed. 

Neither of the foregoing types of cars, as designed at present, is particularly 
well adapted for use with the loading machines. The bundles of cane as they 
are dropped into cars, spring the end walls out and in time these break off. As 
the loading machines are here to stay, the writer can promise some interesting 
developments in car design and unloading devices in the near future. 

The most economical type of car for hauling cane would be the large 30-ton 
double truck cars as used in Cuba. Six 5-ton cars will carry no more cane than 
one 30-ton car, but these six cars not only have 50 per cent more axles and jour- 
nal boxes, but their maintenance is a serious item in operation costs. The larger 
car could not be operated on portable track and as most of the Hawaiian cane is 
transported this way, the large car is out of the question for general use. 

The all. steel type of construction in small cane cars has never been popular 
in Hawaii, and this unpopularity in the main caq be laid to two causes : First, 
because a large portion of our cane fields are on hillsides or high elevations, which 
means steep grades with the ever-present possibility of wrecks; second, because 
of the light construction of the steel cars; they could not stand being wrecked 
and, once they had been wrecked, they were in most ca5;es so bent and twisted 
out of shape that it was hopeless to try to straighten and salvage them. Today, 
however, the steel cars are being designed differently so that they will withstand 
very severe operation usage. End sills are of steel plate, bent U-shape and 
riveted to top and bottom flanges of all long sills. The entire frame is covered 
with steel plate which is also securely riveted to all sills which makes a very rigid 
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cotistmction. This car will some day come into its own, as the maintenance will 
be so much less in comparison with the wooden construction. 

The maintenance and repairs to rolling stock is a very important item in 
operating costs and in the efficiency of the cars themselves. For this reason a 
simple form of record should be kept of the repairs made on each car so that the 
amount of time and money spent may be known. A system should be worked 
out so that the cars in every train as it comes from the field can be inspected 
and cars needing any repairs marked so that the trainmen will put them on the 
repair track. This sounds like a big contract, but one man can walk alongside 
the train as it moves into the cane shed track and mark the cars needing atten- 
tion. It is far better to do this than to let a car go until something serious hap- 
pens to it. The nuts on draft rods should be tightened at the least sign of slack- 
ening. Do not let this go until the couplers sag off center, for if they do the 
couplers themselves will be broken or the threads stripped off the draft rods, 
allowing the couplers to pull off, which may cause a serious wreck. 

Pedestal brace bolts should always be kept tight and brake pins and gear kept 
adjusted, as brakes are put on cars for a purpose, and a few poorly adjusted 
brakes on a train can cause no little trouble besides endangering the lives of the 
brakemen. Stake pockets, hinges, and hinge butts should never be allowed to be- 
come loose. Journals should be lubricated at regular intervals to prevent hot 
boxes. This is one feature of maintenance that quite often receives too little 
attention. For packing in journal boxes it is well to use a good grade of wool 
waste, although there are several substitutes for wool waste being used with very 
satisfactory results. Shredded burlap makes a good packing and is being used 
by some plantations throughout. In the Philippines where sponges are cheap and 
plentiful they are used with a fair degree of success. Coconut fibre is also being 
used and from the latest reports is proving a very good substitute. 

In packing journal boxes, the wavSte or whatever is used should be submerged 
in oil for about 48 hours, endeavoring to keep temperature of oil approximately 
30 degrees C. during the entire time of soaking. The surplus oil is then drained 
off, allowing sufficient to remain to approximately equal 5 pints of oil per pound 
of dry waste or substitute. The packing placed in a journal box first should be 
in the form of a twisted roll, pressed out moderately dry and packed tightly 
around the back end of the box, for the purpose not only of retaining the oil, 
but also better to exclude dust and dirt. 

After this is done proceed to pack the box with loosely formed packing suf- 
ficiently firm under the journal to avoid settling away, which is caused by shocks 
when the car is in motion. Pack it more lightly on each side of the journal to 
avoid the wiping effect, produced when waste is pressed too tightly between the 
journal and the side of the box. Height of packing should not extend above 
center line of journal and not beyond inside of collar. 

The portion of packing placed between end of journal and front end of box, 
being the last put in, should have no thread connection with the packing under 
or on ^ side of journal, and should not extend more than one-half inch above 
loWer edge of collar. This packing affords no means of lubrication to the jour- 
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nal, but prevents packing on sides and under journal from working forward out 
of normal position for satisfactory service. 

The most important part of the work for successful lubrication is intelligent 
attention to the packing in boxes on equipment in service and briefly consists of 
lightly loosening up the packing on each side of journal to avoid the hardened 
and glazed condition, which is caused by the packing remaining too long in direct 
contact with journal. This work can be eflfectively accomplished by the use of a 
good tool which should have a V-shaped end. No attempt should be made to 
raise the whole body of packing in the box, as is sometimes practiced by means 
of tools with square or blunt ends. 

Attention should be given to equipment at frequent intervals or at such time 
as the condition of packing will indicate it to be necessary. Oil should not be 
added to journal boxes until the condition of packing is ascertained to require 
it, avoiding the excess use of oil as evidenced by the accumulation on the wheels 
and outside of boxes. ' When using the oil can, oil should be placed on side of 
journal, and when saturated packing is used as a lubricant it should be placed in 
contact with journal. Cars in shops for repairs should have packing removed, 
repicked, and replaced. This work need not be done at closer intervals than 
twelve months, the object being to maintain an elastic condition of packing. 

Brasses should not be transferred from one journal box to another, and be- 
fore applying suitable sized brasses, the journal and the surface of brass should 
be oiled. A new close-fitting dust guard should be applied in all cases when 
renewing wheels and when practicable after a hot journal has occurred. 

For the lubrication of journals by trainmen, saturated packing only should 
be furnished ; all packing removed should be returned to points where it is 
prepared for distribution. 

The accessory business for railway equipment has become almost like the 
automobile accessory business in the number of different ideas for parts, but, 
unlike the automobile business, the ideas offered are not so freakish in design. 
Car couplers show perhaps the most numerous of varied designs and ideas. 
The spring type coupler offers the best field for improvements, as it is generally 
conceded that this ty[)e of coupler is the best, in that it is the easiest on cars on 
account of absorbing all buffing and pulling strains. The majority of these types 
of couplers now have the links and pins fastened in the head, preventing these 
two parts from getting in with the cane and going through the rolls. 

Wheels^ perhaps, next to couplers, show a wide variety of designs. In Hawaii 
the spoke type wheel has always been the most popular, due, no doubt, to the ease 
of braking cars by throwing a stake between the spokes. Cast steel makes the 
best material for plantation wheels, although one or two or our plantations are 
using and getting good results from solid cast iron wheels having well-chilled 
treads. A properly designed steel plate wheel can be made lighter in weight 
and with less chance of the treads giving away than a spoke wheel. This is 
due to their being supported around the entire circumference. Spoke wheels are 
today being designed with enough weight so that there is little likelihood of their 
treads giving away between the spokes. Most of the damage being done to wheels 
today is from flat .spots on their treads caused by the locking of brakes so that 
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the wheels slide along the rails. Some brakemen have the idea that brakes are 
not holding unless the wheels are sliding, which idea is not only erroneous, but 
disastrous. Wheels are worn flat in spots and, in case of wet rails, there is the 
possibility of cars running away, which almost invariably results in wrecks. 
Wheels should have good wide treads and full, well-rounded flanges ; the latter 
to prevent catching in frog and switch points. 

Cast steel is coming more and more into' use as material for car parts, and 
before long all such castings will be made of this material. The most distinct 
change to cast steel, for plantation use, during the last two years, has been 
the making of brake shoes from steel. We have had brake shoes with steel 
backs and with steel inserts, but never a shoe made entirely of steel. Brake^ 
shoes have always been made of cast iron and will probably continue to be so 
made for general iise. Iron shoes are easier on wheels, as the shoe wears instead 
of the wheel. The disadvantage is, that the lugs for holding shoe to head are 
easily broken off. Steel shoes have the advantage of permanent lugs, but they 
are hard on wheels. In spite of this, however, they are being used with great 
success on several plantations which have very severe grades, and here it is 
claimed that the steel shoe, holds better than the iron one, even though the 
wheels are worn, and that fewer wrecks have occurred on that account. 


A Method of Handling Cane Tassels for Breeding Work 


By J. A. Verret, in collaboration with Y. Kutsunai, U. K. Das, Raymond 

CoNANT and Twigg Smith 

During the present breeding season we developed a system of handling cane 
tassels for breeding which gives promise of being of tremendous help in . the work 
of crossing and selfing cane varieties. 

None of the methods used heretofore were wholly satisfactory. Emasculation 
is, of course, out of the question. The bagging method, the method mainly used 
in this work when accurate results were desired, is not satisfactory for several 
reasons. If cloth heavy enough to prevent the entrance of foreign pollen is 
used the shading seems to weaken the tassel greatly and poor or no germinations 
result. If the cloth is too light one has no assurance that other pollen has been 
kept out, so the object of the work is defeated. 

On account of these unsatisfactory results the majority of cape breeders 
working on a large scale have resorted to the so-called *‘tying-on-of-tassels.^’ 

All breeders are familiar with the method and we shall not 

describe it. It involves a great deal Of work requiring the continuous change 
of tassels and, of course, no great protection against foreign pollen. Under the 
best conditions- the cut tassels soon die. So in order to have good fresh pollen 
on the ^stigmas in their most receptive stage some breeders change these tassels in 
the hight, generally from 2:00 to 4:00 a. m. 
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Fig. 1 . General view of tests with the various solutions being tried. Such a layout 
can also be used for selling or crossing if properly protected from foreign pollen. 
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Our method consists of the use of a cei*tain solution which keeps the cut 
tassels fresh and developing normally for a long period of time. The method 
is not by any means perfected yet, as we have but recently started its use on cane 
tassels. But we feel that by making it public now other breeders can do work 
with it and in that way hasten its perfection. 

After conducting a large number of experiments (one hundred or more) 
with all kinds of preservatives and other solutions we found that by placing the 
cut end of a cane stalk, with or without a tassel, in a solution of sulphurous 
acid (SOg), 1 part in 2,000, it will keep alive, in apparently normal condition, 
for several weeks. After being once placed in the solution no further attention 
need be paid to the tassel except to see that it does not grow beyond reach of the 
tassel to be pollinated. 

Microscopical examination of pollen from tassels cut from one week to ten 
days shows no differences from pollen from fresh tassels. We have obtained 
germinations from pollen taken from a tassel cut five days before, as shown in 
the following record by C. C. Barnum, of the Pathology dq^artment: 

Tassel Cut November 7, 1924 

On November 11 — pollen collected 12:00 Noon — germinated 

On November 12 — pollen collected 1:00 P. M. — germinated 

On November 12— pollen collected 4:00 P. M. — germinated 

On November 13 — pollen collected 8:00 A. M. — germinated 

Tassel Cut November 17, 1924 

On November 20 — pollen collected 9:00 A. M. — germinated 

On November 20 — pollen collected 4:00 P. M. — germinated 

It is very difficult to get cane pollen to germinate under any conditions so 
the getting of these germinations of pollen from cut tassels shows the pollen to 
be good. 

Showing that the cut tassels kept in the sulphurous acid solution develop 
normally we have the following: 

On October 21, three tassels were cut at the Manoa substation (these were 
the first tassels of the season) brought to the main office and placed in the solu- 
tion at once. When cut, the|stassels had not fully emerged and no stigmas or 
pollen sacks were out. Thesef tassels were of the same variety and were kept 
isolated in a greenhouse, On November 6, the tassels had matured and the fuzz 
was planted. On November 12, we obtained germinations. 

These results offer great possibilities in crossing and selling work. If tassels 
so handled give good germinations it will be a simple matter to so isolate them 
as to be sure no other pollen has contaminated them. 

In our work with the sulphurous acid solution we have found there are several 
things to be especially guarded against. One is to be ^ire that^^^^ffi^^ sulphurous 
acid solution does not contain sulphuric acid. This may be the case with old 
soluti<ms which have been exposed to the light If any sulphuric acid be present 
the Wark will result in failure. 
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The next precaution to take is to have a solution of the proper strength. 
The solution should be strong enough to prevent turbidity but not be so strong 
as to burn the leaves. In other words, use the weakest solution that will prevent 
turbidity. We find a 1 to 2, (XX) freshly prepared solution to be satisfactory. It 
is possible that it can be somewhat weaker than this. 

We find it more satisfactory to prepare our solutions ourselves with SO^ gas. 
We prepare a 5 per cent SO 2 solution by slowly bubbling the gas through water. 
This is diluted as we want it, 1 cc. to 100 with water. Fresh stock solutions are 
made every week or so. 

Another precaution for successful work is to place the tassel in the solution 
at once. When getting tassels some distance from headquarters, the cut ends 
are put in water immediately after cutting. On arrival where they are to be 
used, one joint is cut off under water and then the tassel goes to the solution at 
once, where it must remain continuously. Unless this is done failure generally 
results. 

We leave from 2 to 4 feet of cane stalk with each tassel. The sugar in the 
stalk apparently is used for food by the plant in the solution, as at the end of 
two or three weeks or in some cases longer, there is no sugar left in the stalks. 

The methods in use here previously and the various steps that led to the 
development of the new method are given briefly in the following paragraphs : 

Heretofore in our work here the pollen-bearing tassels of sugar cane for 
artificial pollination have been obtained some distances away, brought to the 
station grounds, and treated somewhat as follows: 

The lowest joint was cut away under water. The tassels were transferred 
to a container with clean water, taken to the female tassels or left leaning on a 
table so that the pollen grains could be utilized. The water in which the tassels 
were left standing was changed once or twice a day. 

The changing of the water was found rather difficult in some of the high 
cages, and sometimes the waste water was poured accidentally on important 
tassels. To obviate this difficulty experiments were started to find a method 
suitable for keeping cut tassels alive and growing for say a week to ten days 
without changing water. 

The drying of the cut tassels was thought to be due to clogging up of tubes 
through which water was taken up or by toxic substances in the water. This 
clogging could be brought about by some organisms in the water or in the cane 
stalks, by the suspended matter in the water, or by some decomposing material 
of the sugar cane itself. 

From past experience, it was suspected that the growth of some sort of 
organisms in the water was responsible for the early death of cut sugar cane, and 
the source of these organisms was thought to be the surface of the cane. Hence, 
the first part of the experiment was to disinfect the cut ends. It was soon found 
that a dilute disinfecting solution was better than the treatment of the cut ends. 

The results so far obtained show two methods of value : 

(1) Lowest joint is cut away under water each day and the water in which 
the cane is standing is kept clean and fresh. 

(2) Lowest joint is cut away under water, and the cane is transferred to a 
dilute solution of sulphurous acid, 1 part SO^ gas in 2,000 parts tap water. The 
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solution is changed whenever turbidity is noted. As a general rule we have no 
turbidity if the sulphurous acid solution is properly made. When it is necessary 
to change a turbid solution one may as well change the tassel also, for if it has 
once commenced to wilt it will not recover. 

The following notes by Mr. Das give a few typical tests made and show 
the progress of the work to the present time. 

In this work Mr. Das has shown resourcefulness and initiative and deserves 
great credit for the results obtained: 

The following gives steps taken in developing the sulphurous acid solution 
method of keeping cane tassels : 

The tassels are cut with 2 to 4 feet of cane stalk (joints) on them. 

(1) The cut cane is put in tap water, changed every day. 

(2) The cut ends are immersed for about one minute in acid and then put in water. 

(3) The cut ends arc immersed for one minute in alkali and then put in water. 

(4) The cut cane is put in a standard nutrient solution. 

The canes all began to wilt and die in two or three days and slime was detected, 
The next step was to have the slime examined by the Pathology department.'^ 
It was found to contain bacteria, protozoa and fungi. Henceforth, our efforts 
were directed to controlling the growth of slime or keeping it in check. The 
first di.sinfectant u.sed was mercuric chloride (1 in 20,000). This gave a better 
result and confirmed our belief that slime was an important factor. In another 
test the cut cane was put in tap water which was changed every day, and each 
day the bottom joint was cut off, thus exposing a new surface to the clean water. 
The sticks did very well and we were able to keep them fresh two or three weeks 
and even longer. VVe Hter found that it was necessary lo always cut at least one 
joint every day. It is necessary to cut off a node each time. 

Mercuric chloride ( 1 in 20,000) did not, however, come up to our full ex- 
pectatious. We thought it was too strong and we thereafler used more dilute 
solutions down to 1 in 100,000. There was no growth of slime, but the cane 
sticks never did very well, or as well as the slicks in water which had one joint 
cut every day. HgCl 2 together with sugar solutions of various strengths and 
standard nutrient solution was later on tried, but no encouraging result was 
obtained. Some canes were first sterilized for different periods in HgCl., and 
then put in water changed every day, but with the same result. 

We then tried cane sugar solution of various strengths, but in all cases the 
canes began to die in two or three days. 

We also used lime water, soil solution and many inorganic salts such as am- 
monium chloride, magnesium chloride and lead chloride. We tried camphor, 
ether, chloroform and alcohol in Avater, but with no success. We then con- 
centrated our attention to finding some mild disinfectant that would not have the 
killing power of mercuric chloride, but which would be as effective in keeping 
off the growth of organisms in water. We have tried the following : 

* The Pathology department has been of great help in this work. At the present 
time Mr. Barnum is devoting all of his time to a study of pollens and related problems. 



Fig, 3, This Btalk has been in tha sulphurous acid solution one week. Flowers are 
still opening and are giving good 






Fig. 4. Method used in obtaining crosses by means of the sulphurous acid method. 
Tassels of the varieties to be crossed are placed in the solution and kept in a sunlit pollen- 
proof room. In the early morning the tassels are shaken to scatter the pollen. When 
mature, all tassels are planted. 
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(1) Potassium permanganate — 1 gm. in 1,000 ce. of water. 

(2) Aspirin — ^^20 grains in 1,000 cc. of water. 

The eane did fairly well for about six days, but soon after the leaves began 
to die. 

(3) Formalin (40 per cent eonnnercial product) 6 cc. in 1,000 cc. 

It was too strong; leaves appeared scorched. 

(4) Boric acid — .1 gm. in 1,000 cc. of water, 

.5 gm. in 1,000 ce. of water./ 

(5) Hydrogen peroxide (commercial product) 

250 cc. in 1,000 cc. 

143 , Cc. in 1,000 cc. 

With (3), (4) and (5) the leaves became dry and brittle in one day. 

(6) Sodium sulphite — 2 gpis. in 1,000 cc. 

(7) Sulphurous acid (H2BO3) various strengths. 

Sulphurous acid has proved successful, though we cannot say it is perfect as 
yet. We shall give our trials with sulphurous acid in some detail. 

The first experiment with sulphurous acid was started on September 15. Tlie 
strength used was 1 cc. of the commercial product (original analysis 8.3 per 
cent SOg) to 100 cc. of water. In a day or two it was noticed that the leaves 
not only kept fresh but there was a marked growth of stalk. This growth con- 
tinued as long as the stick was alive, though during the later stages the rate of 
growth fell off. 

The first stick was alive about a week when, through some accidental cir<ium^ 
stances, the experiment was lost. However, it gave us very good indications arid 
we tried another batch of new canes. All these stood the test remarkably well, 
and in all cases the cane was alive for more than two weeks. In one case the 
stick was alive for about one month and the growth during the period was nearly 
one and one-half feet. During all these days the solution was not changed, nor 
was any part of the stalk cut off. As the solution was taken up by the stalks new 
solution was added to make up. Our attempt was now to find the optimum 
strength of the solution in which the cane will do its best. We now tried the 
same acid diluted as follows: 

.5 cc, to 100 

1 cc. to 100 
1.5 cc. to 100 

2 cc. to 100 

It was found that while the cane did pretty well in all these solutions, the 
solutions of higher strengths (1.5 cc. to 2 cc. to 100) had some strong effect 
on the leaves. The solution .5 cc. to 100 turned turbid at the end of 8 days and 
the stick died soon after. So it was concluded tliat 1 cc. of the acid to 100 water 
was the best strength. We then began to apply our experimental results on a 
big scale and under regular field conditions. Here we were faced with one minor 
difficult The original stalk of HgSOg being finished, we had to use acid freshly 
prepared in our labaratories. We found that 1 to 100 of an 8 per cent HgSO^ 
was too strong for the leaves. We then worked down to 1 to 100 of a 5 per cent 
acid freshly prepared. „ This time we got the same results as in our previous 
experiments. The sulphurous acid first used had probably weakened on stand- 
ing.- ^This probably explained the incongruity in the experimental results. How- 
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ever, we have now given this 1 to 100 of 5 per cent acid a fair trial and are get- 
ting fine results. We have been able to keep tassels alive in this solution for two 
weeks and even more. We have obtained good pollen all the time and some actual 
germination of seedlings. 



Fig. 5. This stalk has been in the sulphurous acid solution for over a month. The 
tassel matured, was planted and germinations obtained. Note the sprouted eyes. All of 
this growth has occurred since placing the stalk in the solution. 8elfs may also be 
obtained in this way. 


We still feel that some more improvements could be made, even on this, and 
we have been trying it in many other ways. We have also been trying other organic 
acids and salts and some other disinfectants.’*' But one point especially associated 

* Since writing the above we have started a test with Dakin’s Solution with ver^^ 
encouraging indications. 
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with this HgSOg is its power of stimulating growth. In this connection, we may 
mention one interesting experiment we made with ice. The cane put in ice 
looked fresh, but as soon as ice was withdrawn it died. During these three or 
four days there was no growth at all. 


The Propagation of Seedling Canes* 


Notes on Collection of Tassels and Nursery Technic 
By W. P. Alexander 

The Committee on Varieties feels that every effort should be made to im- 
prove the technic employed in the propagation of seedling canes. With this aim 
in view they believe that as a starting point all information which is available 
should be recorded sooner pr later, and that such an exchange of data will in- 
crease progress. 

The subject is demanding attention under the following heads: 

(1) Botanical Studies of Cane Flowers. 

(2) Methods of Securing Natural Crosses in the Field. 

(3) Methods of Securing Artificial Crosses in Field. 

(4) Methods of Caging Flowers Either for Selfs or Crosses. 

(5) Nursery Technic. 

(6) Selection of New Seedlings: 

a. Preliminary eliminations. 

b. Choice and development of new commercial varieties. 

Since only a long treatise could completely cover the project, this report will 
attempt only to treat of two of the above points, Nos. 2 and 4, namely, the secur- 
ing of natural field crosses without artificial means, and the nursery technic in- 
volved in growing the seed. It is this work that can be undertaken successfully 
by the individual plantation with little financial outlay and the least amount of 
experience. The results may not be secured along strictly scientific lines of a 
plant breeder. Nevertheless in spite of this haphazard manner of securing 
crosses, the results justify such ‘'commerciar' raising of new varieties. H 109 
in Hawaii, D625 in British Guiana, probably E. K. 28 in Java, and others, are 
the products of this process. 

The more delicate work in obtaining artificial crosses in cages or otherwise 
should be encouraged by all and receive the consideration of specialists at the 
Experiment Station until a more complete system than we have at present 
has been perfected. 

The mode of procedure in collecting tassels and the planting and care of 
seedlings in the nursery will vary according to different. conditions, and it is not 

* Presented at the Third Annual Meeting of the Association of Hawaiian Sugar 
Tech^ol&giste, Honolulu, O^l^er 27, TO 
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the purpose of this report to lay down rules to be followed. ‘'Experience is the 
best teacher.'^ The findings and the practices adopted by some of the cane 
breeders working in Hawaii have been brought together and are presented in 
detail. There is some repetition of ideas within the different quotations and 
the methods have been gone into rather minutely, for the report is written mainly 
for the use of those who are intensively engaged in the project. 

Some interesting developments of the 1924 season are described and may 
be briefly mentioned: 

(1) Mud press (decomposed) as a media on which to germinate fuzz was 
used by W. P. Naquin at Honokaa. (See page 102.) 

(2) An incubator for germinating fuzz during unfavorable weather was 
operated by W. C. Jennings at Hawi. (See page 99.) 

(3) (Ireen algae and fungi in the original seed beds were controlled by 
Bordeaux dust and by using a surface soil having little or no organic matter. 
(See pages 102 and 108.) 

The writer is indebted to Messrs. W. C. Jennings, Y. Kutsunai, W. P. 
Naquin and C. F. Poole for their cooperation in the preparation of this report. 
Their help made possible a fairly comprehensive summary of the present status 
of our information concerning the collection of tassels in the open field and the 
nursery technic. 

Collection of Tassels 

To provide the proper seed material, the collection of tassels when secured 
in the open field requires careful planning and strict attention to certain funda- 
mentals. 

First, the cane breeder must obtain his tassels with a definite purpose in 
mind as to the new variety wanted. It is profitless to indiscriminately secure 
tassels without a reason. For example, at Ewa, we keep two points in mind, 
namely, resistance to eye spot leaf disease and an early maturing of the cane, 
Mr. Jennings, in Kohala, says: “In our seedling work in Kohala our first aim is 
to breed canes that will be improvements on D 1135 and Tip canes, the present 
standard varieties of the district, and we consider that the first logical step in 
this direction would be the crossing of these varieties. In these crosses we expect 
to find combinations of the best characters of both varieties, and with these com- 
binations of characters we would expect to develop mostly mauka varieties. In 
our work on the development of lower-land canes we have attempted to cross 
D 1135 and the Tips with Badila, Striped Mexican and H 109.” The choice of 
the right parents is most important and the writer can frankly state that it is 
his experience and that of others that the promiscuous planting of seed from 
many inferior non-commercial canes has caused a loss of time and energy which 
could have been devoted to more profitable crosses. 

Certain botanical knowledge should be secured about the inflorescences of 
each variety of cane. It is a great aid to the efficient collection of the tassels. 
Armed with such information no time will be wasted securing tassels from varie- 
ties in which the female part of flower (ovule) is not normally developed. One 
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should know also what varieties produce little or no pollen. More data is needed 
on this subject in the Hawaiian Islands. In India and Java and Cuba’*' a great 
deal of work has been done so that cane breeding is progressing without '‘waste 
motion.” Here are some "observations” that have been made in Hawaii: H 109, 
Lahaina and Tip canes can be counted on as splendid female parents. Their 
male function is often in doubt. D 1135 is able to serve well as either parent, 
H 146 has most virile pollen. Badila has normal reproducing organs when it 
does tassel, which is seldom. Yellow Caledonia is sterile (a mule). .Fertile seed 
is more easily obtained in any case when different varieties are in proximity, 
i, e., when crosses are actually secured. 

A preliminary survey of the possible parents at hand and the location of 
their relative position in the field so as to serve as crosses is the common plan 
of procedure by Jennings, Kutsunai, Poole and the writer. 

The tassels selected for the seed material will be at the leeward side of the 
hoped-for pollinating variety. Under ordinary conditions the two varieties: 
desired to be crossed seldom seem to have mature flowers at the same time in 
the same locality. As pointed out by the writer in a report on tasseling, a year 
ago, there is a large field for investigation as to the phenomena of tasseling. If 
as claimed in Indiaf we could control the time of tasseling, crossing of different 
varieties would be more certain. 

Inspection is made as often as possible to watch the progress of tasseling 
and be ready to cut the tassel when ripe. 

Theoretically, the collection of the fertile seed should not be difficult, in 
practice, the reverse holds true. Only through tireless energy and by many 
careful observations will one succeed in obtaining seed that will germinate 
well. Then in spite of the best laid plans, the weather conditions may be un- 
favorable. It appears that during the period of flowering prime condi- 
tions are, dry weather and little wind. Normal transferrence of the pollen 
to stigma will not take place if there is high wind which dries up the stigmas 
or blows away pollen grain before they mature and wet weather which washes 
off the pollen grains, or they may burst prematurely after they absorb moisture. 
Also after pollination has taken place, the plant seems to require good growing 
conditions so that the seed may reach full development. So it is that Kutsunai 
looks for "a vigorous cane which is always chosen as the one from which to 
take tassels. Tassels from a long crop are preferred to those from a short crop, 
also a field with heavy tasseling is thought to give better germination than a 
sparsely tasseled field. . As far as possible, the tassels in more or less protected 
places are cut. 

"Tassels on weak stalks are smaller than on well developed sticks. Many 
tassels emerge merely to dry, showing that the stalks below have no reserve 
energy to ripen the seeds. This condition is very closely correlated with young 

^Veakatraman, T. S., Agricultural Journal of India, Vol. XVII, Part 2. 

Handbook Sugar Cano Culture in Java — ^Cbap. VII. 

Calvino, E. litudios in Anatomy and Physiology of Sugar Cane in Cuba, 

I Venkatraman, T. S., Agricultural Journal of India, Special Indian Science Congress 
Nij^ber, 1017. 
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cane, weak growth, and late tasseling. Sometimes heavy wind brings on prema- 
ture drying of the tassels. Cane along ditches and leeward edges is usually 
well developed and are satisfactory for the source of tassels/' 

The uncertainty of weather conditions is a factor everywhere, to quote 
Jennings, ''My working plan each day during the early part of the Season is 
based upon the assumption that each particular day may be the last opportunity 
for collecting tassels before heavy wind or rain damages the tassel crop for 
the season.” The tassel may take two weeks to entirely emerge and the flow- 
ers on the tassel bloom gradually from the top down, and it may take another 
two weeks for the tassel to complete its entire florescence. In order to get 
some seed at least before the weather turns unfavorable at Ewa picking tassels 
is started when the tops only are mature. However, collection of tassels in 
earnest proceeds when the whole tassel has flowered. At this time the fuzz 
will shake off easily and the stem of the tassel has started to wither and turns 
yellow. In Java the flowers are cut when the last small leaf, the little flag, 
begins to dry. A much larger collection of tassels must be made from each 
location than may actually be wanted for planting, and these will be stored 
until germination tests have proven their value. If one does not have a sur- 
plus on hand he is likely to find himself without enough seed if the sea.son 
prevents further tassel collection or if there are adverse conditions resulting 
in mortality in the nursery. 

Experience of all those doing seedling work has shown that it is the early 
tassels, even though only the top is ripe, that usually give the best results, 
although Jennings reports, “occasionally, under Kohala weather conditions, 
earlier maturing tassels may fail to set seed, while late tassels may give good 
results.” 

If there was a sure test of the fertility of the seed that could be made in 
the field or before planting, time and labor might be saved. Jennings' experi- 
ence of having one lot of fuzz in six providing fertile seed, is a good ratio 
even under better weather conditions. The only practical means of testing 
seems to be to plant a representative sample, and the resultant germination will 
decide whether the balance of the seed is to be used or discarded. Kutsunai 
describes some of his methods for the examination of seed in the fuzz and 
also viable pollen : 

UsualJy a few early tassels are cut and examined for seeds. The fuzz is scraped, 
rolled forcibly between the hands, and all solid particles are examined with a mag- 
nifier of 10 to 20 diameters. Another and a better method is to grind the fuzz in a 
meat chopper with the knife set about % of an inch open, the ground fuzz is stirred 
in water, and all the particles that have sunk down to the bottom are examined with 
a lens© of 10 to 20 power. The seeds are often broken but can be easily recoignized. 
These two methods are very quick but more or less crude. 

Iodine stains pollen which appears to be good and normal. But the iodine does 
not differentiate live pollen from dead pollen. The methods look good for obtaining 
percentage of viable pollen in the flowers. For want of a good method for germinating 
pollen, the results of iodine tests could not be checked with viability of pollen. 

Bare seeds placed on blotting paper the edges of which have been folded into a well 
of watef germinate well. When the fuzz is tested, the seed bed of soil is thought to 
be quite satisfactory. 
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Usually the whole tassel is cut without the stem. Sometimes, however, 
the collector may only take the top portion. Again, one may prefer to leave 
all the stem and even several joints of the stalk. 

Treatment of Tassels 

The tassels are bagged in the field and labeled for identification of parents, 
etc. Kutsunai and Jennings have used muslin bags; Alexander and Poole find 
paper bags are cheaper and answer the purpose. The treatment before plant- 
ing the fuzz has not been standardized, and perhaps more care in drying tassels 
should be exercised as the excellent results secured by Jennings would indi- 
cate. His methods are described in full : 

The greatest difficulty in the care of tassels after cutting is fhe prevention of 
mildewing before 'planting. If the fuzz is not well cared for the mildewing will be- 
come evident immediately after planting, even though not noticeable in the muslin bags. 
The bulk of the tassels are cut when only the tips or upper halves have ripened, which 
makes curing difficult, especially in cloudy, rainy weather. 

The tassels when brought in from the field are hung up in bundles of ten and 
left to dry two days or more before placing in muslin bags. Not more than ten tassels 
are put in a bag itnd the bags are always hung up, never laid on a floor or piled up. 
Every clear day the bagged tassels are taken out and hung up exposed to the sun. 
If there is a shortage of bags the fuzz is stripped after a week or ten days. In baig- 
ging, the fuzz of not more than fifty tassels can be placed in one bag. The bag is tied 
near the top to make as much space as possible and the fuzz is shaken up every day 
to prevent packing and to allow some air circulation. 

At the beiginning of the season the muslin bags used in curing and storing tassels 
are all sterilized by boiling, and if at any time during the season the slightest musty 
odor is detected, the bags are sterilized before using again. 

During the period of protracted rainy and cloudy weather last December kerosene 
heaters were kept going continuously in our main store-room of bagged tassels. I 
believe that the drying effect of these heaters kept some of our best lots of tas-sels 
from spoiling during this weather. 

During very dry weather fuzz may be planted immediately if collected 
after all dew has been evaporated. However, as Kutsunai points out, '‘the tiny 
seedlings growing out of the seeds sticking firmly to the branches of the tassels 
are difficult to transplant without much disturbing.^' When there is a short drying 
period the fuzz is more easily removed by shaking into a bag or by rolling two 
or three stems of the tassels between the hands. If it is necessary to pull the 
fuzz off it usually shows that at least part of the flowers are immature, and 
seed has^ not yet been formed. 

The cane seed does not keep well. Seed which is in storage, for over one 
month will not germinate well. Seed planted within 10 days of- picking will 
provide the best germinations. Older seed also seems to lack vitality. Just 
what might be done to prevent this qpick deterioration has not been discovered. 
Nature -has not provided the seed with the protective protein covering, etc., 
which robust seeds have. It is believed that oxidation takes place rapidly 
and the life germ Is soon extitiguished. If the keeping qualities of the seed 
were only good it would be possible to Store seed until better growing condi- 
t^ns were provided than in the winter season. 
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Given warm weather, with little overcast sky, and no heavy rains with 
accompanying moisture-laden atmosphere, the nursery work of germinating 
and growing the seedlings would be easy. It is seldom that these conditions 
exist in the months of December and January, and it is unfortunate that seeds 
will not remain virile but must be planted at that time. 

Nursery Technic 

The equipments used in the open nursery by those raising 5,000 seedlings 
or over varied and can best be told by each cane breeder who had to meet 
different climatic conditions. 

Mr. Jennings, working in Kohala from December 4, 1923, to January 29, 
1924, when it was necessary to germinate the bulk of the seedlings for the 
1924 season, had a nursery at Hawi at an elevation of 625 feet. The mean 
temperature ranged from 66° to 70° F., and there were heavy winds to com- 
plicate all operations. He writes as follows : 

I have tried out several different types of cold frames and covers for sun and 
wind jirotection at HaAvi this year. Three types of glass-covered (one with painted 
glass) and two of muslin-covered incubators wdiich were electrically heated were 
tried. These incubators were divided into sections containing about 40 cubic feet of 
air space and each section was heated by four 100-watt, llO-volt, Mazda lamps. It 
was possible to keep the temperature up to 70® F. during the coolest nights in the glass- 
covered incubators with these lamps. The clear glass-covered incubators heated this 
way gave very good results, while with the painted glass- and muslin-covered type no 
better results were secured than with the ordinary muslin-covered cold frames. 



Fig. 1 


Fig. 1 shows the glass-covered electrically heated incubator. 

Fig. 2 shows the most economical and successful types of covering for germina- 
tion flats that we have tried yet at Hawi. This bench was built facing the south in 
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Fig, 2 


order to get all the direct sunlight possible into the fuzz flats. The front side is 
covered with ordinary window sashes, and top and back sides are covered with roofing 
paper for protection from the wind and rain. With this arrangement the temperature 
under the glass goes up to over 110® F. on clear days. Several tests comparing 
germination in the glass-covered frames with that in the muslin-covered frames were 
conducted. The fuzz planted under glass gave from three to five times heavier 
germination and in less than half the time required for fuzz from the same lots planted 
under muslin. 

The most satisfactory type of muslin -covered frame for Kohala conditions is shown in 
Fig. 3. This frame also faces the south. The bench is four feet wide with an eighteen-inch 
wall at the back. The back wall is for wind protection and the bench is four feet wide, 
though too narrow to work conveniently, for the reason that with this high backwall a 
narrower bench would be too dark, especially when the muslin cover is down. 

The convenience in weeding and caring for the potted seedlings when grown on 
the benches will result in a labor saving that will soon pay for the extra cost. 

Poole at Eleele and Makaweli, Kauai, and Naquin at Honokaa, were able 

lo accomplish their nursery work without any protection against rain or sun. 

A windbreak, however, was constructed at Eleele. 

s 

Kutsunai, stationed at Makiki, Honolulu, and the writer, at Ewa, used 
cold frames with cloth covers. The former had some glass covers during the 
licavy rain storms. 

These cold frames, as shown in Figs. 3 and 4, vl^ill answer all practical 
purposes. The writer gave up portable frames, or those on hinges, in place of 
a roller Arrangement which makes ah ideal covering. The tent effect sheds 
water readily and it can be easily raised up on legs as the seedlings grow. Dur- 
ing a windstorm, there are no covers to blow loose. 

^ T^ has used many different styles of frames and covers to pro- 
vide protection from the, sun and rain. Under different conditions on Hawaii 
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Fig. 4 


he has obtained satisfaction under all conditions from the ones which have 
painted glass covers, placed about 2 feet above the flats, and made from old 
windows. They aflford good ventilation, and one may easily regulate the amount 
of direct sunlight the cane is to receive. Such equipment is too expensive 
when a plantation is propagating seedlings on more than a small scale. 
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The flats used by Kutsunai at the Experiment Station are 12^" wide, 
24>i" long and 2^" deep (inside dimensions). The writer has used different 
sized flats for the plantings, and has finally standardized on one which is 
24"x24"x6". It has the disadvantage of being too heavy for one man to handle 
by himself when it is filled with soil. Three things are in its favor: (1) It 
does not dry out as quickly as a narrow, shallow flat does. (2) The depth of 
soil allows the plants to remain in the, flats longer, two months if necessary, 
without the roots being cramped. (3) Later the boxes are a convenient size 
to hold 25 pots. It is absolutely essential that enough holes or cracks be made 
in the bottom of the flats to provide perfect drainage. Nothing can be more 
harmful than a waterlogged flat. 

Jennings finds that ‘‘any size or style of flat that has sufficient openings 
in the bottom for good drainage and that will hold soil to a depth of not less 
than three inches is O. K.'' Old flats or flats that have been used recently must 
be sterilized by being placed in the boiler of the soil sterilizer while soil is being 
sterilized. He finds much more difficulty in caring for fuzz in old or used 
flats that have not been sterilized, as the fungus and algae spread very rapidly 
from the sides of the flats pnto the fuzz. 

Jennings, Poole and the writer prefer to have flats placed on benches. 

The question of what soil to use in the first plantings has been decided 
by each worker for himself. 

Kutsunai, at Makiki, has usually used a mixture of two parts of rich and 
mellow garden soil and one part coral sand. Poole had success at Eleele 
with the same soil. 

The writer^s experience on Hawaii and at Ewa is in agreement with Jen- 
nings, who states: ‘T have had best success by selecting soil that was as free 
as possible of organic matter. Addition of coral sand to improve the texture 
of our rather heavy soil and of stable manure or compost for fertility have 
not been successful. The addition of sand results in a soil mixture of lesser 
fertility, while stable manure and compost make the control of fungus and 
algae more difficult.’' 

The richer and more friable the soil is the better are the results obtained 
from the original plantings. A certain amount of screening of soil is necessary 
to obtain an even surface. 

A most important discovery has been made at Honokaa, in that decomposed 
mud press is an ideal material upon which to lay the cane fuzz. Its fertility, 
drainage properties, and. freedom from algae or green fungus, according to 
Mr. W. P. Naquin, Manager of Honokaa Sugar Co., should make it acceptable 
to all cane seedling nurseries. He writes : 

During the past year we have made radical changes in the technic of germinating 
and handling seedlings. On account of high elevation and cold weather we have had 
aome trouble with a green fungus which destroyB most of our seedlings before they 
ean be transplanted to the fields. As the sun is one of the best antidotes for this 
fungus I decided this year to eliminate all artificial protecrtion of young seedUngs 
and let Nature take its tegular course. We have been so successful with this method 
that wei feeP is worthy of a trial in other places. When, this natural process is 
fc4io|?^d, however, we find that water becomes a limiting factor, and unless eohstant 
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irrigation is resojted to the cane wilts from the excessive sun. Then, under intensive 
irrigation the soil becomes soggy and soon we have another condition which is about 
as bad as the green fungus. After many experiments with different soils we found 
that decomposed mud press, which contains a considerable amount of wax and lime, 
is a most excellent soil media in which to grow seedlings. 

Owing to the texture of this mud press continuous irrigation does not produce any 
injurious effects, and it is possible to grow seedlings in the open. 

We have tried different proportions of mud press to soil, but in no instance was 
a combination superior to the straight decomposed mud press. 

We have raised some 10,000 seedlings this year at Kukuihaele, with very little 
loss from damping-off or green fungus. The mud press, aside from being an excellent 
material for this work, is easy to obtain on all plantations. It should be allowed to 
rot at least 6 months before it is used, keeping the pile sufficiently damp to allow all 
fermentation to take place before it is used. 

Theoretically, sterilization of the soil is beneficial in that fungus is elim- 
inated. However in actual practice the soil soon becomes reinoculated by the 
water and exposure to the air. Steaming of the soil, therefore, is done to 
eliminate grass and weed seeds which will grow during the first weeks, and may 
be confused with tiny canes. This is especially true of manienie or Bermuda 
grass. The saving in labor due to freedom from weeds pays for the extra 
handling of the soil in the sterilizer. 

If exhaust steam is available from some engine the sterilization is very 
simple. A perforated pipe placed in the bottom of an old tank or box upon 
which the soil in bags is laid and then covered, serves very well. Where steam 
has to be generated the writer used several schemes, the best of which was a 
large wash boiler over an open fire upon which several layers of trays filled 
with soil were placed. The bottom of the trays consisted of a small mesh 
screen. Baking of the soil is often practiced in other countries, but has a 
tendency to rob the soil of organic matter. 

Planting the Fuzz and Care of Young Seedlings 

Nursery work, the growing of any young plants, demands attention to details 
brought about by special local conditions. Success is the result of very close 
personal supervision of the soil, moisture and heat environment given the 
germinating seed bed. With proper care fungus troubles are less apt to occur. 

Instead of trying to combine the reports received from Jennings, Kutsunai 
and Poole with the writer's experience, each of the four statements is given 
in full. The principles involved are: 

(1) A fertile soil that will not compact, having good drainage and free 
from agencies that increase fungus growth. 

(2) Optimum moisture conditions determined by careful observations 
correlated with the conditions of temperature and sunlight. 

(3) Taking full advantage of sunlight not only to produce growth but 
to kill fungus. 

Hawi and Kohala, W. C. Jennings: 

After much experimenting during the last two seasons I have arrived at the fol- 
lowing method of handling fuzz flats. 
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The fuzz is sprend very thickly on the germination flats and pressed down 
with large quantities of water into a Arm, rather tough layer ^ to % of an inch 
thiclc The flats are then placed under glass in the frames shown in Fig. 2 and 
exposed to direct sunlight The fuzz is watered with a fine spray nozzle two or 
three times an hour while the sun is shining. On cloudy days it may be necessary to 
irrigate only two or three times a day. In sunshiny weather I expect the first signs of 
germination to appear in four or five days. If germination does begin on the fourth 
or fifth day, by the twelfth day I begin to iilcrease the period between irrigations. 
In two or three days the number of irrigations are decreased from many light irriga- 
tions daily to one or two rather heavy irrigations a day. 

The temperature under the glass will go up to over 110® F. with a few hours of 
sunlight. The fuzz exposed to direct sunlight and in this temperature dries quickly 
and requires frequent watering. From 9:00 A. M. to 3:00 P. M. on dear days the 
fuzz flats require almost constant attention, as only enough water to wet down the fuzz 
is applied at one time. The fuzz is kept constantly moist, yet, so little water is applied 
each time that the soil in the bottom of the flats will be found almost dry two weeks 
after planting. 

If germination has started on the fourth or fifth day after planting and the young 
seedlings have not been irrigated too heavily root development will have been well started 
by the twelfth to fifteenth day,, At this stage the periods between irrigations, are grad- 
ually lengthened, givin^g the roots time to get through the fuzz and into the soil before 
drying out the fuzz too completely. I believe, as a result of having examined the roots 
of several hundreds of young seedlings, that two or three days is suflicient time for the 
development of % to % inch of root in the seedlings when subjected to this treatment. 

The heavy coatinig of fuzz acts as a mulch and so retains the moisture in the soil 
beneath that one irrigation a day, except on the very hottest days, is sufficient when once 
the roots of the seedlings have reached the soiL After the treatment outlined above it is 
assumed that the roots have reached the soil by the fifteenth to eighteenth days, and irriga- 
tion is applied only when the upper part of the fuzz layer has corapletply dried out. Suffi- 
cient water is applied at this stage to soak the soils and then in no case is the flat irrigated 
again until the fuzz is dried out again. This method of treatment I consider as the 
most important development in the work at Hawi this year. By this method we have 
entirely eliminated all trouble with algae, fungus, etc., as the fuzz becomes so dry on 
top that everything of this order is burned out by the direct sunlight. 

There may be some sacrifice of late germinating seed by this method, but vigor of 
the seedlings already attained will more than compensate for this loss. 

In cloudy wather no irrigation is applied until the fuzz dries out even though it 
be for several days, for as long as there is any moisture at all in the fuzz it can be safely 
assumed that the soil below has more tjian sufficient moisture for seedling growth. 

Makiki, H. S. P. A., Kutsunai : 

Depth of Layer: The fuzz is planted on the soil surface, not in the soil. The thickness of 
the fuzz planted depends on the germinating capacity of the fuzz. The ordinary run of the fuzz 
is planted about % of an inch thick before wetting. If the fuzz is very important, it 
is planted very thin. 

Care of Flats — Good Growing Weather-^During the First Week: During the first week 
the fuzz boxes are watered twice a day. The boxes are not covered unless the weather 
happens to be windy or excessively drying. In most cases, the fuzz is found difficult to 
keep wet unless covered. _ 

During the Next Two Weeks: At the end of a week after planting the fuzz, tiny 
seedlin|f8 are coming up. They seem to take strong sunlight to good advantage. Some- 
tim#8 ammonium sulphate in solution is applied at the rate of 3^ grams to a fiat. 
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After Third WeeJc: During this week, the young seedlings become about three-quarter 
to one inch in height, and they have about three leaves. They are then ready to transplant 
into another box or pots. The care given to them is essentially the same as the previous 
week. 

Influence of Adverse Growing Conditions: During cloudy weather the covers on the cold 
frames are kept away, even though the fuzz in the flats is drying a little. 

Excessive Moisture Vue to Rainfall: Irrigation is cut down. 

Cold Nights: The cold frames are covered every night, not for retaining heat, but 
for protection against heavy rain. No heating is practiced unless the fuzz is a very impor- 
tant one. 

Eleele and Makaweli, Kauai. C. F. Poole: 

Fuzz was placed in the flats so as to be level with the top of the flat, and shipping 
tags bearing descriptions of the cane to the windward, the parent tassel, date cut, date 
planted, and, later on, the date when first shoots appeared, were tacked on the front. 

Watering of the flats after planting of the fuzz varied with the germination of the 
seedlings. No germination was received till the day after Christmas, when warm Kona 
weather prevailed, and that in flats of D1135 planted December 10th. A month later 
some germinations in seedlings of Lahaina occurred in from 7 to 10 days, first appear- 
ance, and subsequent germinations continued appearing for about three weeks, with the 
heaviest occurrence about eleven days afterward. A fine spray nozzle, originally pur- 
chased for a bagasse spraying experiment in the mill, w^as used for irrigations about four 
times daily until all shoots appeared to have come. After that the flats were watered 
twice daily until there were about six leavers per shoot. The germinations were much slower 
than are usually obtained in other localities, seemingly due to the low temperatures on Kauai 
during December and January nights. The minimum temperature was seldom over 63 
degrees until the beginning of April. 

There was an unaccountable difference between growing conditions found at Maka- 
weli and at Eleele. Germinatioim seemed to come sooner at Makaweli, no doubt due to 
the higher temperature; but after appearance the Makaweli seedlings grew very slowly, 
while the Eleele seedlings grew straight ahead. 

Ewa, W. P. Alexander: 

rianting the Fuzz: I do not like to spread the fuzz on the soil too thickly. 
When the layer is over Vs inch (wet) the moisture conditions are more difficult to 
regulate, as the fuzz dries out quickly and the tender seedlings just starting fail to get 
their roots into the soil before they dry up. The fuzz needs to be gently pressed on 
top of the damp soil, but with few exceptions any attempt to cover the fuzz with a thin 
layer of soil has resulted unfavorably. 

I have tried treating the soil before planting with a very weak solution of sulphate 
of ammonia, but would not recommend it as a general practice. It seemed to stimulate 
the growth of moss more than it benefited the initial start of the cane. 

Care of Seedlings in Flats: Given warm weather, mean temperature of 75° F,, night 
not less than 65° F., the canes will germinate well and without much fussing over them. I 
find a complete muslin cover for the first 4 to 5 days after planting allows for an easier con- 
trol of uniform moisture conditions. For the next 10 days, when germination will be most 
rapid, exposure to direct sunlight must be reduced from 10 a. m. to 2:30 p. m. under Ewa 
conditions. If weather is cloudy I do not cover at all, as this is the time fungus gets a start 
and all the light and ventilation possible are necessary. After the third week I try to give 
as much sunlight as possible without causing the surface moisture to dry out so that the 
plants wither. No set rule can be given for irrigation. The water should be applied 
as a fine spray until the plants are large. After germinations have stopped it is better 
to irrigate only once a day and to cover the flats during the middle of the day than to 
get the soil so dry that an irrigation is needed then. Each water drop on the leaves at 
noontime will act as a magnifying lens. The minute burn thus made on the leaf forms 
a sore spot where fungus will easily attack it. Saline irrigation is harmful when the 
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salt content in over 50 grains per U. S, gallon. The tender shoots are burned and salt 
accumulates in the soil to fo'rm a toxic condition. Water with 26 grains has been used 
when no other was available and yet there appeared to be some stunting of growth. 

Provided the weather is warm and dry the initial nursery work as described above 
will be found to present few problems. It is, however, adverse conditions such as: 

(1) Cloudy weather Without wind causing the rapid increase of fungus, both damp- 
ing-off and leaf troubles; 

(2) Excessive moisture from rains not only benefiting fungus, but also rotting 
the seed ; 

(3.) Cold nights below 65® F., 

which seem to prevent germination and stunt all growth which may have previously started. 
Such unfavorable factors keep one ’s wits alive to coax the germinations and eliminate 
disease. The above conditions are the rule rather than the exception for certain periods 
every winter season. The best thing is to get started early enough before the trouble be- 
gins. One can nurse a large proportion of cane several weeks old through a bad spell. To 
overcome the poor environment is another thing working in the open. I have had only fair 
success, and sometimes complete failure when contending with lack of sunshine, cold days, 
and nights and excessive moisture in the air. The results of the 1923-1924 season are still 
fresh in my mind. What appeared to be an unusually good start was turned into a hard 
fight to pull through one-third oi. those germinated before the end of December, and prac- 
tically no germinations were secured from 150 flats planted afterwards. 

When growing conditions are worst, the moisture must be kept at a minimum. Some 
method of sub-irrigation would be ideal, so that water would not be applied on the sur- 
face. Use must be made of every bit of sunlight. Every effort must be made not to 
interfere with a good air current through the flats. In spite of these precautions the algae 
will grow and fungus will get a hold. The little plants seem to have no resistance to dis- 
ease when their vitality is at a low ebb. 

My experience with any form of incubation has shown that it must be done for a 
short period, say not over five days after planting and then the change to nursery condi- 
tions and ordinary temperatures and light must be gradual. Very often the plants that 
are thus forced will not grow to be strong healthy seedlings. 

Differences in Germination 

There is a great difference in the percentage of germination one secures. 
Sometimes the flats will be literally green with the tiny shoots, and again one 
is fortunate to get a dozen seedlings to a flat. There also appears to be much 
variation in the vigor of the little canes. Very often the most prolific seeds will 
have weak-growing canes. This is also true in India, Varieties that are not 
commercial canes will give Seedlings that lack vigor from the start. 

Kutsunai has made the following notes on germination of the fuzz: 

In glass houses, the flats containing approximately the same quantity of one lot of 
cane fuzz germinate differently according to the place given them in the glass houses. The 
boxes near the east, the south, and the west side germinate much better than those in the 
central position. 

The age of the tassels, or the interval between the cutting and the planting of the 
tassels, affects germination very much. The tassels heat up when packed closely, before 
drying. The fuzz from such tassels does not germinate welL Early cut tassels germinate 
better late cut tassels. Bipe tassels germinate better than overiipe taseiels. 
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Transplanting Seedlings and Care of Potted Seedlings 

The methods adopted in transplanting are more uniform, although here too 
the personal element influences the mode of procedure. 

Ewa, W. P. Alexander: 

For several seasons on Hawaii, after trying out transplanting the cane when three 
or four weeks old into a second flat, the writer has had for three years at Ewa, good 
success with direct potting of the seedlings when about six leaves had appeared, thus 
eliminating one step and saving much labor. The mortality is less when there is only 
one transplanting. Even so, one must expect some dying out as a result of root disturb- 
ance, if the seedlings have germinated closely together. 

The kind of soil used in the pots has a decided influence on the growth the plants 
make. A soil mixture with a leaf mould compost will have the splendid moisture holding 
capacity and the new roots spread rapidly in the good tilth. 

During the time it takes the roots to get adjusted the plants must be kept in the 
shade. 

A mulch of some kind over the surface of the soil in the pots prevents drying out of 
the surface and minimizes the growth of fungus. I have used black sand (volcanic ash) 
and rice paddy for this purpose. 

After the plant has taken hold in the pot, its growth can be stimulated by applying 
a small pinch of sulphate of ammonia. The response is immediate and lessens the period 
they must remain in the nursery. 

Eleele and Makaweli, C. F. Poole: 

Transplanting from the flats to the paper pots, which were of asphalt felt, 15" x 6", 
fastened with paper clips, was done when the seedlings had about six leaves. Each pot 
was then marked with w’aterproof crayon, showing the flat number from which obtained. 

The soil used in the pots was the ordinary field soil, which had previously been worked 
up like a garden patch, spread over with a layer of manure about one inch deep, 
and washed down with a hose several times before the raw manure was removed. 

At Eleele a pinch of ammonium sulphate (A. & B. half and half) was added to the 
seedlings when growth was resumed after recovering from the shock of transplanting. 
This recovery varied with individuals and with the time of transplanting. During March 
it was about forty days, and in June about fifteen days. At Makaweli a small quantity 
of sodium nitrate was di.ssolved in water, making a very weak solution, and a few drox>» 
were added to the revived seedlings. 

No mulch was used in the pots. 

Makiki, Y. Kiitsunai : 

If the fuzz flat is crowded, the bigger seedlings are transplanted rather early, in 
order to make room for the others. In about four weeks after germination, the seedlings 
are large enough to transplant to other flats or pots. They are about three-quarters to 
one inch high and have three leaves. 

The soil is composed of one part sand, one part compost, and two to three parts of 
garden soil. One part well rotted stable manure and one part soil was tried with good 
results. 

Hawi, Kohala, W. C. Jennings: 

1 transplant in case of either very light or of very heavy germination. If there are 
but few germinations per flat, too many flats would be needed to care for the desired 
number of seedlings. If germination is very heavy the seedlings will become too crowded 
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before reaching the potting stage. When the number of germinations per flat runs from 
50 to 100 the seedlings are grown to the potting stage in the germination flats. 

The seedlings are transplanted when from to 2 inches high. I find that the 
mortality is very high when seedlings smaller than this are transplanted. 

The seedlings are shaded for several days after transplanting. After having been 
shaded from 7 to 10 days, several days more are spent breaking the seedlings into full 
time exposure to direct sunlight. 

When it is necessary to use stable manure or compost in the transplant flats a closely 
compacted layer about an inch thick is placed on the bottom of the flats and covered with 
two inches of soil. If the manure is mixed with the soil there is more apt to be trouble 
with fungi, etc., especially during the period immediately after transplanting when the 
seedlings must be' shaded. 

The seedlings are transplanted to pots when from 6 to 8 inches high. My soil mix- 
ture for potting is one part manure with three parts of ordinary field soil. The seedlings 
are shaded and then gradually broken in to exposure to direct sunlight in the same manner 
as first transplanting. 

As soon an the seedlings have recovered from the effects of the potting operation and 
have started up a good growth, all wind protection is removed. This checks the growth 
in all the seedlings for a time and while some fail to grow after this check others soon 
recover and make a vigorous growth. All plants which fail to recover and start up a 
good growth within 6 to 8 weteks are weeded, out. 

Control of Insects in the Nursery 

Cutworms: Mr. Kutsunai recommends either spraying with lead arsetiate 
solution about once every two weeks or hand picking. Jennings and the writer 
have found spraying ineffective against cutworms. Continuous hand picking is 
the only remedy. 

Mites and Thrips: Mr. Jennings and the writer have used nicotine sulphate 
to good advantage. One spraying must be followed in a few days by a second 
to kill the newly hatched insects. 

Control of Fungus: Mr. H. Atherton Lee, pathologist of the Experiment 
Station, H. S. P. A., recommends a Bordeaux mixture dust for the control of 
green algae, upon which the fungus gets a start. 

Nursery Technic in Other Sug.\r Countries 

Through the cooperation of the cane breeders in other sugar producing 
countries, the writer is able, through correspondence, to present - digests of the 
methods employed in the nursery. The portion of the quotations which are in 
italics are ideas which are , of particular interest to us and where methods are 
mentioned might be worth a trial. 

/. India 

Extract from article written specially for the Committee on Varieties by 
T. S. Venkatraman, Government Sugar Cane Expert, Coimbatore: 

Serving and Germination: For aowing, shallow, circfilar country earthenware pans, 
IZ** across at top, 9" at bottom and fi'T high, have been foundr'^satiafactOTy. Previous to 
towing, the pans are numbered with some waterproof paint BuitUble provision having 
been nwtde for free drainage dt bottom, the pans are filled :with a mixture of equal parts 
of ^alhrotted,. horse dang aiad sand, The fluff is ndw laid in an even thin layer on the 
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surface and the first watering done from a garden hose held 3 feet above the pans. The 
force of the impact gathers round the tiny seeds a small amount of soil and this facilitates 
germination. The quantity of w’ater employed should not be of such as to form a pool 
in the pan as it leads to the seeds all getting to one side and germination is affected. 
Immediately after sowing the pans are arranged in groups, each group containing all the 
pans of a particular lot, and each group is separately labelled with details as to variety 
sown, date of sowing and other details. For this ptirpose paper labels first written in pencil 
or India ink arid subsequently dipped in melted paraffin wax have been found useful; they 
are unaffected by the frequent watering. Germinations have not been noticed earlier than 
three days from sowing; and pans not germinating wdthin a fortnight have rarely been 
found to do so later. 

Watering: At Coimbatore, it has been found necessary to winter the pans as often 
as throe to four times during the day. The watering is alw'ays done through a garden 
hose. For proper germination it has been found necessary to keep the fluff always moist. 
After germination the plants need much less water as the roots quickly develop and 
traverse a good bit of soil. The young cane plants are often very susceptible to excess 
of water and quickly turn yellow. 

Precautions During Early Stages: It has been found useful to place the seedling pans 
on raised bamboo platforms about 2% to 3 feet from the ground. Besides facilitating 
constant inspection of the young plants, the arrangement is of use against ants and 
crickets. It has been fotmd best to place the seedlings in full sun. The young sugar cane 
plants appear to revel in full sun and are rather susceptible to any kind of shade. In one 
instance the circular shade from a cocoanut crown marked off a corresponding circle of weak 
and unhealthy plants in the pans placed under it. 

Weeding and Thinning of Sown Pans: The appearance of a large number of grass 
seedlings, which in the earlier stages look much like those of the cane and hence are dif- 
ficult to weed out is a trouble of some importance. At Coimbatore, the two w'eeds chiefly 
met with in the pans are Chloris barbata and Cynodon dactylon. It was found that the 
number of these could be greatly minimized if the horse dung, which is apparently the 
chief source of infection, is pitted for a couple of months before use and periodically 
watered. The heat generated in the pits appears to cause the death of the grass seeds. 
As an additional precaution the filled pans arc allow’ed to remain unsown from ten to 
twelve da.ys and occasionally watered during the period. The grass seedlings that come 
up arc pulled out and the pans are now^ ready for sugar cane gro-wing. The very few 
grass seedlings that appear even after the above precautions are easily removed by 
trained laborers. Should the pans be found very crowded, and contain, say, more than 
two or three hundred seedlings, they need pricking after a fortnight into a second set of 
pans. If the germination is thinner the pans may be left till they are ready for planting 
in the first ground nursery. 


II, Java 

Extracts from translation of Handbook of Sugar Cane Culture, Chapter VII, 
page 323: 

Seeding, Nursing and Planting Out: The flowers may now be planted right away 
by picking the small ears or by letting the individual little flowers drop off, or by leaving 
the entire flowers in a box out in the sun. Naturally a wdnd-still place must be selected, 
as otherwise too much of the seeds are lost. In the early morning when there is no wind, 
the woolly mass is spread out on a previously prepared spot where the soil has been 
loosened and powdered. This spreading out in a thin layer can best be done with a thin 
rod, which is a much quicker way than to put down each individual flower. The seed is 
then pressed in the soil with a small board and covered with fine soil from a sieve, just 
enough to keep the seed down. Too deei>ly buried seed does not germinate; When this is 
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done water is applied from a sprinkling can with small holes, and this must be repeated 
daily and often enough to prevent the seed from drying out. 

Moquette began with the seed spread out in boxes with sand, kept in the shade and 
well moistened. After four days the first germs appeared, but many of the small plants 
withered in a few days. They received too little sunshine, and experienc showed later 
that they did better in heavy soil than in the river sand. 

Therefore, when seedling cane, a fertile soil, plenty of moisture and sunshine are 
first essentials. 

Seeding may also be done on plots directly on the field, but moles and other vermin 
can easier be kept out when the seed is put in boxes. Preferable for use are the flat 
boxes, large pots or the flat square clay trays such as first used by Souit. To facilitate 
controlling the trays they may be put up on a framework which at the same time pro-, 
teets the tiny plants from the attack of the many insects living on the surface of the soil. 
It eliminates carrying back and forth of loose covers. 

Application of stable manure, however desirable for young plants, is bothersome on 
account of the large number of weeds that must quickly and repeatedly be removed. 
This is again undesirable because the young cane shoots resemble so closely the grass 
plants that only a trained eye can see the difference. Therefore it is better to sprinkle 
the soil with a weak solution of ammonia or nitrate of soda, either previous to seeding, 
or a few days later. For strength a tablespoonful in a kerosene can is sufficient. This 
may be repeated several times if necessary. The beneficial effect may easily be noticed 
by observing the dark green coloring and the quicker growth of the plants. Although 
*the number of weedings may thus be reduced, it cannot be eliminated altogether. To do 
this most effectively is by means of a pair of scissors; the germinating sprouts of the 
double seed lobe plants must be cut just a little under the seed lobes, and those, of the 
grasses right under the soil. Doing it this way prevents loosening of the soil, and the 
young cane .shoots escape harm. Another way of avoiding the germination of weeds is 
by preparing the trays a long time beforehand and working the soil over. The weeds 
do not then get a chance to come through. The soil must be kept moistened. 

///. Philippine Islands 

Reply to questionnaire received from Professor N. B. Mendiola, University 
of the Philippines, College of Agriculture, Los Banos, Laguna : 

I am using two kinds of seed boxes for germination and pre-transplanting cultures — 
a shallow one where the soil is about 10 cm. (4 inches) deep for germination and a deeper 
one where the soil is not less than 15 cm. (6 inches) deep for pricking the seedlings into. 
Both are of the same length and width, are easily obtained by dividing a Standard Oil 
petroleum box into^two, and providing the sides, which were once the top of the box with 
covers. The soil I use is rich in organic matter and is first sterilized on an open pan above 
a fire. The germination boxes aye fully exposed to direct sunlight more than half of the day. 
The fuzz is shaken off the arrow or pulled off it and allowed to drop onto the surface of 
the soil in the seed box. The seeds are sown thickly, covering practically all the surface. 
The box is then watered thoroughly and covered with a piece of glass. Watering is done 
subsequently every day, morning and afternoon, or often enough to keep the box moist. 
The fflass is not whitewashed. However, a piece cf cloth ^covers the top of the glass. This 
cloth is used to maintain a desirable amou7it of sunlight in the box and is rolled up when the 
sun is not too bright to heat the seed and seedlings to the wilting or danger point. As stated 
elsewhere, germination is done in the shallower box. As fast as the seeds germinate they 
are picked into boxes where the soil is 15 cm. or more deep. These boxes are 35 x 49 cm. 
in the inside and eontain 24 pricked seedlings each. T have so far made no deterinination 
of percentage of germination. The seedlings are allowed to grow in those 
transplanted injo nursery rows in my Plant Breeding Garden. At traneplahtlhg time the 
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seedlings are about 35-40 cm. high. I have not done any fertilization work either when 
the seedlings are in the boxes or in the nursery rows or when these are in propagation 
cultures in the field. Provided the newly transplanted seedlings are given sufficient water 
every day there is no need of covering them from too intense sunlight. When water is 
not available in sufficient quantities for watering the seedlings, I found it necessary to 
cover the newly transplanted seedlings with pieces of the false stem of the banana plant 
until the plants are recovered. 


IV. Mauritius 

Reply to questionnaire by C. A. O’Connor received from H. Temparary, 
Director of Agriculture: 

The boxes employed for sowing seeds are from ordinary empty kerosene cases cut 
in two. They are about 1' 9" long and 1' 2" ivide and 5" high, there are a certain number 
of holes at the bottom for drainage. A layer of small gravel is placed at the bottom to pre- 
vent the soil clogging drainage holes. These boxes have the advantage of being light, they 
can be easily carried about by one man, even after having been filled with soil. 

The soil used i§ always burnt in order to destroy grass and weed seeds. The cane seed- 
lings can easily be recognized as soon as they appear, by the tendency they have of grow- 
ing in a slanting position. 

Germination is very liable. Borne varieties, especially those raised from seeds, will 
themselves yield very fertile seeds, whilst others, like the White Tanna, give poor 
results. It has been noticed that seeds of the same variety collected from different dis- 
tricts give different results. Those collected from one locality yielding hundreds of 
seedlings and those from another place one or two plants or often none at all. This is 
attributed to the effect of wind and rain at the time of flow^ering. As a rule tassels 
obtained from a dry district are more fertile than those from a wet one. 

When the boxes are ready the fuzz is spread thinly on the soil. It is then pressed 
gently with the hand and covered wdth a thin layer of fine coral sand. After sowing the 
boxes are watered wdth a garden syringe giving a fine spray, in order not to disturb the 
seeds. The boxes are jdaced on stone or iron shelves as a protection against hares, 
tenrecs (Centetes sps.), snails, etc. 

The sand prevents the soil cracking and baking. We do not find that it promotes the 
growth of fungi, if there is proper drainage. The boxes are at times covered with glass 
panes to check evaporation. They are watered from time to time. The soil must be kept 
moist, but not too damp. Germination begins about 15 days after sowing. 

When the seedlings are about a month old, they receive a ]>ineh of suljffiate of ammonia 
to stimulate growth. 

The seedlings are transplanted into bamboo or earthenware pots w’hen they have five 
or six leaves. Only healthy plants are selected, all weak ones are discarded. 

Insect^ and fungi are kept in check by application of tobacco, Bordeaux mixture or 
other sprays. 

When seedlings appear to be getting too big for their pots, they are again trans- 
planted in the field in row's 5' apart and 2%' in the row's. 

V. Fiji 

Extract from article given to writer personally by H. F. Clark, Agricul- 
turist, Colonial Sugar Co. : 

Soil is a rich alluviaMoam. It is sieved through a fine-meshed sieve and baked, 
i. e., it is kept for about half an hour on an iron plate over an open fire at a temperature 
at which slight charring occurs in the organic matter it contains. It is then cooled^ put into 
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hoxeSy and worhed up with liquid manure for a couple of weeks before being used. The **t\iz** 
is sown by spreading it evenly over the surface i of the dry soil and pressing it well down. 
It IS watered several times a day for the first few days. Germination begins in 3 or 4 
days ; is at its best in 7 or 8 days, and is generally completed in 14 days. 

Germination: Germination and early growth are carried out in a glass-house. This 
is merely a suntrap, and is not steam-heated. The temperature ranges from 90® F. to 
120® F. during the daytime, but it drops to between 60® F. and 70® F. during the night. 

Potting Out: When the seedlings are .I'^-l^" high they are planted out into 6" pots. 
They are kept a few more days in the glass-house, and are then transferred to cold frames. 
They are covered with canvas at night till the seedlings have hardened a little. 

Planting Out: When the seedlings are 8"-12" high, they are planted out into the 
field into drills 5' apart. The seedlings are set out at 5' from one another in the drills. 

Manuring: Sulphate of ammonia is occasionally applied before the seedlings are 
potted out. A very light dose is given while they are in the pots, and a somewhat larger 
one after they have been planted out in the field for a few weeks. No other fertilizer 
is used. The first land into which the seedlings are planted is a rich alluvial-loam. 

VI. Australia 

Reply to questionnaire received from H. T. Easterby, Director Bureau of 
Sugar Experiment Stations^ Queensland: 

We use shallow boxes of rich, loamy, porous, sterilized soil; pull fuzz to pieces over 
the boxes; percentage of germination from 5 to 80 per cent, according to warmth of 
season. Use glass covers with cheese cloth. On very clear days a double cover is used. 
We transplant at 4 months into large boxes with about 8 inches of soil. We do not use 
fertilizer. 

VII . Porto Rico 

Reply to questionnaire received from T. F. Saldana, Assistant Horticul- 
turist, Porto Rico Agricultural Experiment Station, Mayaguez: 

Mode of procedure in the nursery: Flats 14^/4" x 19" x are used. Five holes are 
made in the bottom of each flat for drainage. For planting the fuzz We use sandy loam 
river soil which has been passed through a one-fourth inch mesh sieve. The flats are 
filled with this soil and then packed back to within 1 inch of the top edge. They are 
watered so that when the fuzz is planted it will stick to the soil. The fuzz is shaken 
all over the flats until a uniform thin layer, not more than inch thick, is obtained; 
they are then watered again with a watering can having a fine nozzle so as to pack down 
the fuzz. The packing down is also done with the palm of the hand. We have tried 
covering the fuzz with a very fine layer of finely screened soil, but observation shows us 
that a stronger germination is obtained when no covering is used. In order to avoid 
mixing the planting is done in a draft proof house, and each variety when planted is 
taken out immediately before fuzz from another is seeded down. Watering is done twice 
a day, morning and night. Germination begins at from 6 to 17 days, depending on variety 
and vitality of seed used. 

The young seedlings have been submitted to different conditions during the past year. 
A shed house partially covered with palm leaves did not serve the purpose on account of 
the fact that during rains the wateir |eli in big drpps, disturbing the soil around the 
seedlings. A glass roof green house, the walls of which Consisted of 34 inch mesh netting 
wire, has given good results. After the seedlingr have been transplanted to boxes or pots 
we seldom give them extra protection. For transplanting the young seedling from the 
se^ flats we have used bamboo pots, and 10-inch clay pots. Also flats of the same 
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dimensions as those used for germinating the seed are used, planting 20 seedlings to each 
pot, but on account of the expense of using thousands of pots, we have adopted the flats 
for most of the work. The seedlings are transplanted when they are from 1 inch to 
1% inch high, i. e., when they are about one month old. The soil we use for transplanting 
the seedlings consists of 2 parts river loam and 1 part stable mJiure. The seedlings are 
watered twice a day for the first week and from then on only once daily. They are 
watered about once or twice a week with nitrate of soda water at the rate of 4 grams 
to a gallon of water. They are grown about a month under these conditions and then 
transplanted to the field, in rows 5 feet apart and with 3 feet between the plants in the 
rows. 


VIIL British Guiana 

Notes by F. X. Williams, November, 1923, at Sugar Planters’ Experiment 
Station at Sophia, Georgetown, Mr. T. J. Crabtree, Superintendent : 

Apparatus and Methods: Seeds are taken off the ‘ * arrows. Seedling boxes, good 
size, 2 inches or so deep. Soil used sterilized so as to eliminate the growth of weeds. 
Bottom of box filled with coarse burnt earth lumps^ finer above this and finally fine soil. 
Seeds laid mat-like on top and then preferably weighted down with a little sand. In 5-6 
days seedlings appear; tho.*(e late in germinating are weaklings. 


Cane Loaders* 


P>Y B. W. Mackie 


The most practical device used in loading cane into cars in the field has proven 
to be a full revolving crane, or derrick, mounted on a tractor base of the crawler 
or continuous tread type. The cane is bundled or piled onto a pair of single 
slings lying on the field, and the bundles lifted by the crane, swung around to the 
car and dropped. The slings are removed after being unhooked, and pulled free 
from the bundle by the crane. 

The machine itself consists essentially of a tractor or crawler base, on which 
are grouped the traveling and steering mechanisms controlled by the operator from 
the operating platform on the rotating base. The rotating base, mounted on the 
tractor base, contains the power plant, hoisting and szvinging niechanisms, the 
control levers, and a boom approximately forty feet long, capable of being raised 
or lowered as desired. 

In getting over the fields it is important that the machine have sufficient effec- 
tive length and breadth supporting it, so that it will be stable. Ten by ten feet 
seems to be about the accepted size. Taking this as a basis from which to build a 
strong and rugged machine, it is found that the total weight will be somewhere 
between 20 and 25 tons. To move this weight over the field with as little damage 
as possible, the crawler type tread must have sufficient supporting surface to dis- 

* Presented at the Third Annual Meeting of Association of Hawaiian Sugar Technolo- 
gists, Honolulu, October 27, 1924. 

% 
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tribute the total weight over a large area. The bearing pressure on the ground 
should not exceed 10 pounds to the square inch. 

Cane loaders of this type are not limited to just this one class of work, as they 
may be used for operating a clamshell bucket, dragline scraper bucket, hook block, 
pile driver hammer, electric lift magnet, etc. Nearly every type made may be con- 
verted into a power shovel, by taking oif the crane boom and substituting a boom 
having the proper equipment for this ^york. The machine can then be used for the 
same work that a steam shovel would be used. 

Essential Machine Parts 

Power Plant: The power plant of a cane loading crane usually consists of a 
heavy duty tractor type gasoline engine having four cylinders. It should develop 
sufficient power at a normal speed to drive the machine anywhere it would be ex- 
pected to work. All its parts must be built rugged and strong, with special refer- 
ence to accessibility and perfect lubrication. It is important that an air cleaner be 
installed ahead of the carburetor to insure against grit and dirt entering the engine. 
A clutch should be installed between the engine and operating mechanism so all 
gears and shafts may be stropped with the engine still running. The power plant 
should be mounted on the main frame in such a manner that all strains are not 
directly transmitted to the engine base. The drive to the reduction gears should 
be as flexible as possible. An efficient cooling system is imperative. 

Drive From Power Plant: Because of the fact that a gasoline engine develops 
its power at a relatively high speed, a means of reducing this speed to that required 
for hoisting, swinging, and traveling, must be employed. This reduction is accom- 
plished usually by gears. Special attention should be paid to securing a drive 
which will give perfect service in operation. 

Rotating M echanisni : The rotating frame is swung to right or left by a pinion 
engaging in a ring gear fastened to the travel base. The rotating pinion, through 
a series of reductions, receives its power from a reversing shaft driven from the 
reducing gears. Where only one reversing shaft is employed, a jaw clutch is 
mounted on the rotating shaft so that it may be disengaged, and the reversing 
shaft used for traveling. There is no necessity in this work to perform swing- 
ing and traveling simultaneously, so the use of two separate sets of reversing 
clutches is done away with. One set, through selective jaw dutches, enables the 
operator to handle the machine under all operating requirements. Simplicity of 
design and accessability f or repairs is important. 

Hoisting Mechanism: The hoisting mechanism consists of drums independently 
driven by friction clutches, loosely mounted on shafting driven from the reduction 
gears. Where both drums are mounted on one shaft, the design is simplified by 
the elimination of a shaft, bearings and a gear, and makes other assemblies easier 
to get at. It is necessary to see that the drums be of sufficient size to properly coil 
the two hundred feet of onerhalf-inch cable, commonly used for hoisting. 

The Propelling MecAonfm: Thi is taxed with the hardest service at all 
times, It must be pigged and^ least numSer of pinions, gears, and 

shafts possible. It must be constructed so that repairs in the field can be readily 
n^de. The drive is taken from the reversing clutches, through several gear reduc- 
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tions and the center pin of the machine, to the travel base, and finally to the crawler 
treads themselves. The final drive to the treads is either through gears or a 
roller chain. The chain drive is the most flexible and easiest to repair, and in 
addition gives adjustment of the tread belt at either end of the travel base. 

Rotating Base: The main rotating member is called upon to withstand severe 
shocks due to traveling over uneven footing, ditches, etc., and is preferably made 
of a solid annealed steel casting, from which the supports for the main machinery 
are built up. 

Travel Base: The travel base, which must be built very rugged and strong, 
consists of a heavy main casting, preferably steel, the supporting axles or beams 
for the crawler treads, and the ring gear securely attached to the casting. Avoid 
any machines that have built-up structural bases for the main parts of either the 
rotating or traveling bases. 

Center Pin: The travel base and rotating base are tied together by means of a 
hollow steel gudgeon or center pin, which must be of the best material obtainable 
and heavy enough to afford a good margin of safety. There must be provided a 
convenient means for taking up wear at this point of the machine. 

Treads: There are many types of crawler mechanisms, but the ones that most 
closely follow approved tractor ideas will be found to be most satisfactory. 

General: It is, of course, highly important that workmanship and careful de- 
sign enter into a machine of this nature, to insure the greatest degree of service. 
Interchangeability of parts is also an important feature. Levers and controls must 
be placed so that all operations can be conveniently performed by the operator 
from his platform. Proper lubrication of all bearings is essential to insure long 
life and continued service. The use of frictionless bearings on high speed shafts 
and gears is to be recommended. Placing the operator so that he commands an 
unobstructed view on all sides and providing controls that will operate with the 
least physical effort, will make possible performing the greatest amount of work. 
Adjustments must be provided at all points in the controls to compensate for wear. 

Cane Field Conditions From the Standpoint of Machines 

Traveling: Cane loaders in the field are subjected to the hardest kind of service, 
in that they are moving from car to car a great percentage of the time, under 
unfavorable ground conditions. Furrows, irrigation ditches, and water course 
ditches, encountered at all times, necessitate a strongly built foundation, and only 
the best construction will endure. It is important that the machines go over the 
fields with as little disturbance as possible, and with despatch. Quite frequently 
the machines are called upon to work on a grade, and some form of brake on the 
travel mechanisms is required, or they must be blocked to prevent rolling down 
grade. 

The longer the effective surface of the crawler mechanism on the ground, the 
more stable will the machine be. A short crawler tread will, in effect, give a 
rocking-horse motion to the machine when traveling across the field. As the field 
furrows ire five feet or more center to center, it will be seen that about ten feet of 
tread length is desirable. 
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The treads and driving parts should be so designed as to pick up as little 
cane trash and refuse lying on the field as possible. This is especially important 
in wet weather operations. 

Careful handling and well-planned setting of the correct number of cars for 
the amount of bundles to be loaded is essential to satisfactory performance. Re- 
quiring the machines to go back over a section already ^‘taken off’’ to load a few 
cars can be laid only to bad field management, and works a hardship on the ma- 
chines because the time taken up in traveling cuts down the total number of cars 
that can be loaded in one day. Wherever possible, it is advisable to load cane only 
from the side of the cars on which the machines are traveling. 

Steering: Field conditions demand that when turning and steering, the 
machines do as little damage to the furrows and ratoons as possible. To handle 
properly they mus^ steer positively to right or left when traveling in either direc- 
tion, and at the easy command of the operator. A thoroughly successful and 
practical steering device controlled from the rotating base of the machines is, of 
course, a necessity. Many machines have a crude and unsatisfactory steering 
device. 

Lifting: All the present machines uSed in this service have been designed for 
much heavier work than theiy are called upon to do in loading cane, so there is a 
good margin of. safety in the hoisting mechanism, and very little trouble, if any, 
is encountered. A good boom-head construction, for guiding the cable with a 
minimum of wear, is essential. Also, it is important that the cable wind up 
properly on the drum with as little attention on the part of the operator as is 
consistent. 

Swinging: It should be the aim of the operators to keep their machines as 
level as possible when loading cane, so that they will swing easily. This is not 
always practical in service, so that a powerful, yet easy working, swinging mech- 
anism should be incorporated in the construction. To stop the swinging of the 
machine, the reversing clutches are thrown in, in the opposite direction, and this 
should be done in such a manner that the motion is not stopped immediately. After 
getting the load in motion it^csiould be permitted to coast and be brought to a 
gradual stop. Gauging the position of the machine with reference to the car to be 
loaded assists greatly in smooth handling. 

Conclusion: The commercial success of the jib crane type of cane loader has 
been assured by the past season’s use at the Oahu Sugar Co., Waipahu ; Kahuku 
Plantation Co., Kahuku; Honolulu Plantation Co., Aiea; The Hawaiian Sugar Co., 
Makaweli ; and Lihue Plantation Co., Lihue. The machines unquestionably relieve 
the severest manual work on the plantations, and if for no other reason, they are a 
step in the right direction. The mechanical loaders enable the plantations using 
them to harvest the cane faster than by hand methods. The use of them assures 
a train load of cane at the mill earlier in the day. Cane may be bundled in the 
field whether cars are placed or not, and the cars are kept in actual load hauling a 
greater percentage of the time. 
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Cane Varieties* 


A Resume of the Plantings for the 1924 Season, 

By W. P. Alexander. 

The Committee on Varieties submits its report in the form of a survey of 
the varieties planted and those plowed out during 1924. In this way attention 
is focused on those commercial varieties and new seedlings which are meeting 
popular approval under different growing conditions, and those whose acreage 
is on the decrease. Your committee believes that such publicity on the trend 
in variety plantings as given in the following notes and statistics should stimulate 
interest in securing the right variety for each specific environment. Basing our 
opinion on the results secured from H 109, we feel justified in stating that the 
greatest opportunity for advancement in the agricultural side of the industry is 
through the breeding and selection of the best varieties. 

In preparing this report the cooperation of tlie different managers has been 
secured, and the following committeemen have assisted materially : Oahu, F. A. 
Paris and Y. Kutsunai; Maui, W. W. G. Moir and Frank Broadbent; Hawaii, 
J. C. Thompson. 

The data have been divided into two sections, viz : 

( 1 ) Commercial plantings of varieties. 

(2) Experimental plantings of varieties. 

It is treated geographically, for it is the conditions on the different Islands 
and on the individual plantations that determine what variety is to be planted. 
The relative distribution of each variety taken as a whole throughout the Islands 
is of less practical importance to each one of us, than the definite knowledge of 
what varieties are being grown successfully under certain climatic, soil, and 
moisture conditions. 


COMMERCIAL PLANTINGS 
Island of Kauai 

Yellow Tip. The outstanding feature in the 1924 variety plantings on the 
island of Kauai is the replacing of Yellow Caledonia and D 1135 on the mauka 
lands by Yellow Tip. A total of 2,462.39 acres have been planted to this hardy 
variety. This represents 32.1 per cent of all the varieties planted. Striped Tip 
finds less favor, Kilauea, only, planting 63 acres. 

All the plantations on the northeast side of the island of Kauai have begun 
planting their unirrigated lands with Yellow Tip. To quote Mr. John T. 
Moir, Jr., of Koloa, ‘Its vigor, stand, and growth rates all point toward a 
decided eclipse of the old reliable Yellow Caledonia/’ 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1224. 
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H 109. As on Oahu and Maui, H 109 is fulfilling all the requirements where 
irrigation is practiced. There are 4,239.74 acres planted to H 109, which area is 
replacing mainly Yfcllow Caledonia, Lahaina, D 1135 and H 146. This represents 
55 per cent of all the 1924 plantings on Kauai. 

There are not many commercial plantings of other varieties besides H 109, 
Yellow Tip, and D 1135, which combined account for 89 per cent of the area. 

D 1135. D 1135 is '"losing ground” with 516 acres plowed out and 222 acres 
planted during 1924. It will be noted that but 41 acres were started on the wind- 
ward side of the island. The exposed fields of McBryde occupy the only plant- 
ings on the leeward side. 

Only 275 acres of Yellow Caledonia are being planted as against 4,874.69 
being discarded. Certainly the "death knell” of this old standard variety seems 
to be sounded on Kauai. 

Badila covers a total of 118 acres as plant 1926 cane at Grove Farm, Kipu, 
and Kilauea. It is not a very popular variety for several reasons, the chief of 
which is its low fiber content and susceptibility to rat damage. 

Uba is being given a trial on 64 acres at Kilauea. 

H 20 is being carried oh in a small area of 20 acres at Gay & Robinson. 

Of the newer Hawaiian seedlings H 456 is being watched. Although the 
Oahu plantations have found it unsuitable, certainly in the Lihue district it is 
worth being watched. Kipu planted 50 acres, Grove Fami 5 acres, Makee 18 
acres. It will be interesting to observe the ratooning qualities of H 456 on 
Kauai. 

H 463 also is ready to be graduated into the commercial class on this part of 
Kauai. In tests at Grove Farm good yields have been secured from H 467 and 
H 468. 



ISI.AND OF EATTAI. 

NUMBER OF ACRES OF DIFFERENT VARIETIES PLANTED DURING 1924. 
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Island of Oahu 

H 109 is without question now the standard variety on Oahu. Its leader- 
ship among the varieties is shown when, during 1924, 98 per cent of all the 
plant area, of seven plantations reporting, was in H 109. Ewa plantation 
replaced 616.31 acres of old H 109 ratoons with the same variety, which is 
evidence that the variety has no rival there. 

D 1135 was not pknted anywhere, while 608.35 acres were plowed out. H 146 
lost 257.46 acres and none planted. 

Yellow Caledonia was plowed out on 1,679.18 acres, and Lahaina on 1,538 
acres. They represent 65 per cent of the area plowed out and there will soon 
be very little of either variety on the island of Oahu. 

Of the newer seedlings H 8958 was spread to 2 acres on Oahu Sugar Co. and 
Wailuku No; 2 was planted to 5 acres at Kahuku. 


ISLAND OF OAHU* 

NUMBER OF ACRES PLANTED TO DIFFERENT VARIETIES DURING 1924 



H m 


Wai- 



Seedling 


Name of Plantations 

Y. C. 

luku 2 

Lahaina 

H 8958 

Nurseries 

Total 

Honolulu Plantation . . 

...1,061.00 




2.00 

1.25 

1,064.25 

‘Oahu Sugar 

. . . 1,086.43 






ljCi86.43 

Ewa Plantation 

. .. 604.86 





21.25 

626.11 

Waialua Agricultural . 

...1,646.60 






1,646.60 

Kahuku . 

Laie 

. .. 373.7,5 
. . . 85.00 

57.,50 

5.00 

3.25 


3.00 

385.00 
142.50 

100.00 

Koolau Agricultural . . . 

. .. 100.00 





Total Acreage* 

. . .4,957.64 

57.50 

5.00 

3.25 

2.00 

25.50 

5,050.89 

Per cent of Acreage* . . 

. . . 98.16% 

1.14% 

0.10% 

0.06% 

0.04% 

0.50% 


'No acreage data from Waianae and Waimanalo. 


ISLAND OF OAHU* 

NTJMBEB OF ACRES PLOWED OUT OP DIFFERENT VARIETIES DURING 1924 

Fallow 







Ba- 


or New 


Name of Plantation 

Y. C. 

Lahaina 

H109 

D 3135 H 146 

dila 

Mixed 

Land 

Total 

Honolulu Plantation . 

. 948.00 

19.00 


MM .... 



1.25 

1,064.25 

Oahu Sugar 


671.94 


330.14 72.85 

11.50 



1,086.43 

Ewa Plantation 


4.41 

616.31 




5.39 

'626.11 

Waialua Agricultural. 

. 215.18 

842.71 


182.21 184.6i 


221.89 


1,646.60 

Kahuku 

. 339.00 






46.00 

QQf; on 

Laie 

77.00 






65,50 

OOv.l/U 

1d.9 

Koolau Agricultural . . 

. 100.00 






100.00 


Total Acreage* .1,679.18 1,538.06 616.31 608.36 257.46 11.50 221.89 118.14 6,050.89 

Percentage of variety 


areas plowed out*.. 34.05% 31.18% 12.49% 12.33% 5.22% .23% 4.50% 
No acreage data from Waianae and Waimanalo. 


Island of Maui 



The stronghold of Lahaina has fallen to H 109. The Maui plantations, 
which sent in data, report 91 per cent or 5,166.43 acres'plaftted -to H 109 with 
but 2 per cent or 108 acres planted to Lahaina. 

Striked Mexican was spread to 258 acres, with 454.2 acres plowed out. 
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Badila was planted to 25 acres. 

Rose Bamboo, H 146, D 1135 and Yellow Caledonia are being rapidly dis- 
carded. 

On a small scale newer seedlings such as Wailuku 2 and Wailuku 4 are find- 
ing favor. 

ISLAND OF MAUI* 


NUMBEB OF ACBE8 PLANTED TO DIFFEBENT VABIETIE8 DUBINO 1924 



H109 

1.570.00 

1.521.00 

1.500.00 
24.50 

550.93 

Striped La- 
Mex. haina 

250.00 95.00 

13.00 

8.00 

D 

1135 Badila 
25.00 

W-2 

W-4 

Mixed 

Total 

1.940.00 

1.550.00 

1.513.00 
24.50 

657.09 

H. C. &. 8. Co.. 

Pioneer 

Olowiilu 

Wailuku 

16.00 

55.16 

25.00 

20*00 

5.00 

6.00 

Total Acreage* 

5,166.43 

2,18.00 108.00 

71.16 25.00 

25.00 

20.00 

11.00 

5,684.59 

% of Acreage. . 

90.88%, 

4.54% 1.90% 

0.44%, 1.25%. 

0.20%, 

0.44%, 

0.35% 


* No acreage data from Kaeleku. 









ISLAND OP MATH* 






NUMBEB OF 

ACBE8 PLOWED OUT 

OF DIFFEBENT 

VABIETIES 

DUBING 1924 








Fallow 





Bum* 8tr. 



or New 



Laliaiua H 109 D 1135 boo Mex. 

Y. C 

H146 Land 

Total 

Maui Agricultural 61.^00 .111.00 72.00 221.00 124.00 

52.00 


545.00 

1,940.00 

H. C. & H. Co. 

323.00 401.00 163.00 




663.00 

1,550.00 

Pioneer 

933.00 22.00 . 




8.00 

25.00 

525.00 

1,513.00 

Olowalu 


22.00 

2 50 




24.50 

Wailuku 


49.56 

327.70 

63.24 

68.85 

147.74 

657.09 


TotJil Acreiigo* 1,942.56 7;U.OO 2;{5.00 221.00 454.20 123.24 93.85 1,880.74 5,684.59 

Percentage of variety 

areas plowed out*’.. 51.07% 19.30% 6.18% 5.81% 1 1.94%. 3.24%, 2.46%, 

* No acreage data from Kaeleku. 

Island of Hawaii — Kau District 

D 1135 and Yellow Caledonia continue to remain the standard varieties of 
the Kau district, planting 52.5 per cent and 47.5 per cent respectively of the 
1924 area. At Pahala, where cane is grown at the highest elevations, Yellow 
Caledonia has given 70 tons of cane at 2,000 feet elevation, and D 1135 the 
same yield at 2,600 feet. 

Rose Bamboo, Yellow Bamboo and White Bamboo are being plowed out. 
The Tip canes have not found favor in the Kau district. 
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ISLAND OF BZETBIC^ 

NUMBEE OF AOEES OF DIFFEKENT VAEIETIE8 PLANTEl) 
DITEING 1924 


Plantation 

D 1135 

Yellow 

Caledonia 

Total 

TTiitpthinson - . , 



418.60 

Hawaiian Agricultural 

424.04 

192.95 

616.99 

Total Acres 

Percentage of Total 

544.04 

...... 52.53% 

491.55 

47.47% 

1,035.59 


NUMBEE OF ACEES OF DIFFEEENT VAEIETIE8 PLOWED OUT 

DUEING 1924. 


Plantation 

Eose 

Bamboo 

Yellow 

Bamboo 

White 

Bamboo 

Striped 

Tip 

Yellow 

Cal. 

Total 

Hutchinson . . 
Hawn. Agric. . 

. . 220.60 

98.00 

97.00 

60.00 

25.00 

305.60 

195.00 

Total Acres . . 
% Area 

. . 220.60 
. . 44.07% 

98.00 

19.58% 

97.00 

19.38% 

60.00 

4.99% 

25.00 

11.98% 

500.60 


Island of Hawaii — Hilo District 

Makai lands: No cane has been found equal to Yellow Caledonia for the 
greater part of the Hilo district. From Olaa to Laupahoehoe it was platited 
this season as it has been for the past 20 years on all the lower and middle fields. 
No special complaint is made as to its virility taken as a whole, and no seedling 
has risen to dispute its supremacy. 

Mauka lands : On the other hand, a variety is needed that will suit the upper 
fields as well as Yellow Caledonia does the lower elevations. D 1135 was the 
most common variety planted this year for these conditions with Yellow Tip 
running second. There is some difference of opinion as to which variety is to be 
preferred. It seems that Yellow Tip plantings are on the increase, except at 
Hakalau, from which place Mr. Geo. Ross, Assistant Manager, writes, “We are 
trying to get away to a certain extent from Yellow Tip and getting into D 1135. 
We harvested as high as 60 tons of cane per acre at 1,200 feet elevation with a 
quality ratio of about 8.5.’' At Onomea, Yellow Tip is sometimes planted on 
the knolls and Yellow Caledonia in the hollows. It is considered better than 
D 1135 and is now being rotated with Yellow Caledonia on mauka fields. 

The plantations along the Hilo coast realize that they should add to their 
three standard commercial Varieties Yellow Caledonia, D 1135 and Yellow Tip. 

The following notes on 1924 plantings show canes that are passing beyond 
the experimental stage : 

At Waiakea, Badila (4 acres), Waiakea No. 1 (1 acre), H 109 (1 acre), 
H 8958 (1 acre) were planted in 1924. 

At Hilo Sugar Co., H 389 (4.14 acres), H 109 (1.02 acres) and Badila 
( .5 acre) were planted in 1924. 

At Gnomea, there are H 456, ij 469, H 471, H 47rand Wailu^^^ 

At Honomu, there were extended this year Badila (2 acres), !) 117 (8 acres), 
Str^dt Mexican (1 acre). White Bamboo (2 acres) and Rose Bamboo (2 acres). 
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At Hakalau, H 109, H 456, H 457 and H 463 are mentioned. 

Most of the above canes are doing well on the high elevations. 

H 227 is being discarded in the Hilo district, especially at Olaa. 

ISLAND or HAWAII— HILO DISTBIOT. 

NUMBER OF ACRES OF DIFFERENT VARIETIES PLOWED OUT 
DURING 1924 (Ineomplete). 


Striped Yellow 


Plantation 

Y. C. 

H227 

Tip 

Tip 

Total 

Pepeekeo 

Hilo Sugar Co 

Waiakea 

01n.fl. 

. 591.00 

. 4.31.87 

. 320.50 

0.5 

124.00 

22.00 

9.00 

600.00 

431.87 

343.00 

124.00 





Total Area 4 Plantations.. 
% Area 

. 1,343.37 
. 89.63% 

124.50 

8.30% 

22.00 

1.47% 

9.00 

0.60% 

1,498.87 


No data on acreage plowed out from Hawaii Mill, Onomea, Honomu, 
Hakalau and Laupahoehoe. 






124 


Total Area. 


IS 2 o »>► o 

Oa O 5 00 lO 60 

. 00 2 60 CO oj 

©4 o ca 00 W5 

00 ^ uo rh 

©T 


;§§^ 


striped Mexican . i 


H 8958 o 


Waiakea No. 1 . . . o 


Bose Bamboo. . . 


:ig?^ 


White Bamboo... .* 


• o o ^ 

• o o ^ 

. • . QO 

<M CM O 


Black Taima § 


g H 389 


. o O o sO 

. lO O ICO C-' 
■ 


D 117 


• eo o o >s> 

• ICO O 00 €> 

' OO CO ^ 


Yellow Tip. 


O O ‘ O o o vS> 

0 o . o q q 

01 ^ *00* c<i 22 

fS CO ©5 00 ^ 

CO 

O O O 00 O 00 .55 

o q o iH q T-i i>v 
»o w od CO 00 oi SS 
fs ©4 b. lo ©» cos 
1H iH CO 60 


Yellow Caledonia . 1 § § § i ^ f 

251SS :5!l® 

t* ifd CO ©) o» 00 


u ai . 

O S>d . 
• 

a 

^ iZi 

O S C9 ^ 


•i'S •*! 5 

1 1*21 

^ A, o i3 tfl ^ 1^; 



125 


Island of Hawaii — Hamakua District 

The 1924 plantings in the Hamakua district consisted mainly of D 1135 
(61 per cent), Yellow Tip (23 per cent), Yellow Caledonia (12 per cent) and 
Uba (2.3 per cent). They replaced chiefly Yellow Caledonia (44.5 per cent), 
D 117 (37.5 per cent), D 1135 (8.54 per cent), Striped Tip (5 per cent) and 
H 109 (4 per cent). 

The choice of varieties depends largely on the elevation and mosaic disease 
conditions on the plantations. Yellow Caledonia is not planted much above the 
600-foot elevation and D 1135 may be put in on the lower lands, and also going 
as high as 1,200 feet. Yellow Tip seems to be a favorite for the highest fields, 
except at Honokaa and Pacific Sugar Mill where yellow stripe disease or mosaic 
is prevalent. Uba, which is resistant to mosaic, is being tried to meet these 
conditions, and appears to have passed the experimental stage at Honokaa, as 
the following comparative yields with D 1135 show: 


Variety 

Crop Area 

Cane 

q. R. 

Sugar 

Uba 

60 

68.30 

16.33 

4.14 

D 1135 

139.00 

37.92 

9.56 

4.17 

Difference . . . . 


-f30.38 

— 6.77 

+0.03 

Uba 

9.00 

47.7 

8.01 

5.67 

D 1135 

137.00 

35.6 

7.84 

4.57 



+ 12.1 

— 0.17 

+ 1.10 


Yellow Caledonia is being replaced at Paauhau with the more hardy cane, 
D 1135. 

H 72 was spread to 2 acres at Paauhau and H 349 to 5 acres at Kaiwiki, 
At Honokaa, several new promising seedlings appear on the horizon. An 
unselected seedling of the 1917 Oahu propagation No. 229 now known as Hono- 
kaa No. 1 is planted to 15 acres. The new Uba-D 1135 Hybrid No. 1 now covers 
4 acres at Honokaa and Pacific Sugar Mill. 


ISLAND OF HAWAII— HAMAKUA DISTBICT 


NUMBER OF ACRES PLANTED TO DIFFERENT VARIETIES DURING 1924 
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Kaiwiki 

5‘04 

55 
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150 

Paauhau 

426 

343 

. . . 

Honokaa ...... 
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• • • • 

• • • 
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• • • • 

• • • 
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* • • 

... 

• « • 

... 

• * • 

• « « 

886 


• • • 

. . . 

• . • 

. . . 

• • • 

2 

771 

50 

15 

• . . 

6 

* . . 

2 

• * • 

103 

16 

. . • 

... 

3 

. . • 

2 

« * • 

321 

66 

15 

12 

9 

5 

4 

2 

2,862 

.31% 

.62% 

.42% 

.31% 

.17% 

.14% 

.07% 
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NUMBEB OF ACBES PLOWED OUT TO DIFFEBENT VABIETIE8 DUBING 1924 
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CD 

tr> 

p 

ts 

3 

BO 
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432 

185 


25 

118 

. 

.. 

6 

3 


■ 12 

781 

Hamakua Mill 

V. . . . 

740 



.... 

, 

. . . 

. . 

. . . 

. . 

146 

886 

Paauhau . 

426 


, , 

185 

.... 

. 

. . 

. . 


. . 

160 

771 

Honokaa 

2 

, 


. . 


.... 


15 . 

. . 

, . 

1 

85 

103 

Pacific Sugar 

236 

. 

. . 

, . 

, . 

.... 


85 . 




. . . 

321 

Total Area 

% Area 

. 1,096 

925 

210 

118 

100 

*6 

3 

i 

403 

2,862 

Without Fallow ^ 

.-.44.57% 

37.62% 

8.54% 4.80% 

4.07% .24% .12% .04% 




Island of Hawaii — Kohala District 


The variety situation in Kohala did not change much during the 1924 season. 
Periodic dry spells make it afesolutely necessary to have a drought-resistant variety 
of cane. H 109, therefore, can only be planted where irrigation is practiced. 
Even Yellow Caledonia is not able to withstand the extreme droughts as it once 
did. D 1135 for the middle and lower section and Yellow and Striped Tips for the 
upper fields compose the commercial plantings for 1924. The presence in Kohala 
of mosaic and red stripe diseases which attack the Tip canes makes it very im- 
portant that a substitute that will do equally as well as Yellow and Striped Tip be 
found. 


ISLAIO) OF HAWAII— KOHALA DISTBIOT. 

NUMBEB OF ACRES OF DIFFERENT VARIETIES PLOWED OUT 
DURING 1924 (Incomplete). 


Plantation 

Y. C. 

Striped 

Tip 

H109 

D 1135 

Striped 

Mex. 

Total 

Hawi Mill 

Union Mill . . . 

.... 235,00 
.... 60,00 

265.00 

177.00 

107.00 

4.00 

788.00 

60.00 

Total Area . . . 
% Area ...... 

,... 295,00 
..,,34,79% 

265.00 

31.25% 

177.00 

20,87% 

107.00 

12.62% 

4.00 

0.47% 

848.00 


No data on varieties plowed out during 1924 from Niulii, Halawa and 
Kohala. 


ISLAKB OF HAWAII— KOHALA DISTBIOT 

NUMBER OF ACRES OF DIFFERENT VARIETIES PLANTED DURING 1924 

(Incomplete) 


Striped Tip D 1135 Yellow Tip H 109 Mixed Uba Total Aren 

Union Mill 484.00 63.00 .... .... ... ... 547.00 

Hawi MiU,.... .139.00 263.00 85.00 60.00 7.00 1.50 545.50 


Total area"* 623.00 326w60 85.00 50.00 - f 1.50 1,092.50 

% A 4 'ea............ mm% 29.84% 7.78% 4.58% ,64% .14% 


data on acreage of each variety planted during 1924 from Niulii, Halawa and 
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Experimental Plantings for 1924 

The experimental work on varieties is largely in the hands of the Experiment 
Station of the H. S. P. A. They may furnish the varietal material, but they 
must rely on the plantations themselves to undertake the testing under different 
field conditions. After it has passed the experimental stage the development of 
new varieties on a commercial scale rests entirely with the plantations. 

The disappointments in new seedlings have been so many that caution is 
needed in not letting one’s enthusiasm for a ''pet seedling” run wild. A thorough 
trial on large enough areas of repeated plots, with check areas of a standard 
variety, is necessary to secure proper comparisons. Fields of plant cane are very 
misleading. Time is required to get the ratooning qualities with sucrose content 
of a seedling growing to maturity in 20 months, but such information is very 
important. There would be less overrating of new seedlings if more patience 
were exercised and one waited for harvesting data together with comparative 
yield of the adjacent standard variety. It is not merely enough that a variety 
looks "promising,” its sucrose content, ratooning qualities, disease resistance, 
and time of maturity must be known. 

The following notes are not a complete digest of the variety work being done. 
Unfortunately the replies to the committee’s questionnaire on new seedlings were 
very brief. Nevertheless, there is a very good indication of the present status of 
the Hawaiian seedlings : 

Older "H” Seedlings (Excluding H 109) 


Kauai — 


H 20 is the only one of the older "H” seedlings which is reported as 
being spread during 1924, 25 acres being planted on Kauai at Gay & Robinson. 

Concerning this variety Mr. Sinclair Robinson writes as follows : 

For early season harvesting our H 20 has in a number of instances proved better than 
adjoining areas of H 109. As our fields are harvested each year prior to April 1, we 
have therefore considered it advisable to continue further experiments with the variety 
H 20. Lai3k of good top seed, however, makes it a difficult cane to start, but so far our 
ratoon fields have fully compensated for the additional expense in planting. 

H 146 will soon be extinct at the rate large areas are being plowed out. 

Oahu and Maui — 

None of these older Hawaiian canes are being experimented with as plant 
cane for 1926. Large areas of H 146 were plowed out at Oahu and Waialua 
and a small acreage at Pioneer. 
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Hcnvmi^ 

Several seedlings of the first series were planted in 1924. 
H 72 — Paauhau (no harvesting data). 

H 349— Waiakea and Ookala (no harvesting data). 

H 389 — Hilo Sugar Co. reports the following test : 



Cane 

Q. R. 

Sugar 

H 389 plant 

72.49 

8.94 

8.45 

H 389 first ratoon 

67.29 

8.76 

7.67 

2 crops average.^ 

69.89 

8.85 

8.06 

Yellow Caledonia plant 

67.02 

8.29 

8.11 

Yellow Caledonia first ratoon 

64.98 

8.73 

7.44 

Average 

66.00 

8.51 

7.78 

Average gain H 389- 

4-3.89 

—0.34 

4-0.28 


H 227 is being plowed out in 1924 on many fields. 

*'400’' Series 

Kami — 

H 456. In 1924 the following areas were planted: McBryde, 2 acres; Kipu, 
50 acres ; Grove Farm, 5 acres ; Makee, 18 acres. 

Grove Farm reports the following tests with H 456 and Yellow Caledonia: 


Variety 

Crop 

Cane 

Q.R. 

Sugar 

H 456 

. . .Plant 

76.0 

8.39 

: 9.06 

. H 456 

. . . Short ratoon 

34.14 

7.19 

4.75 




— 

— 

Average 2 crops . . . 


55.07 

7.79 

6.91 

Yellow Caledonia 

Plant 

73.1 

8.78 

8.32 

Yellow Caledonia. 

, . . . Short ratoon 

36.13 

8.18 

4.42 

Average 2 crops . . . 


.....54.62 

8.48 

6.37 

Average gain for H 456 

. . , 4-0.45 

-f-0,69 

4-0.54 

H 457. A test at Grove Farm with Yellow Caledonia is reported: 


H 457. 

...Short ratoon 

41.97 

, a^.iB 

8.57 

- - JB .18 . 

4.90 

4.42 

Yellow Caledonia ...... 

. . .Short ratoon 

Gain for H 457. ... 


....4-5.84 

—0.39 

4-6.48 



129 


H 458. A test at Grove Farm is reported: 


H 458 

. . . . Short ratoon 

38.50 

8.29 

4.64 

Yellow Caledonia 

, . . . Short ratoon 

36.13 ” 

8.18 

4.42 

Gain for H 458 


...+2.37 

—0.11 

+0.22 


H 463. A test at Grove Farm is reported : 


H 

463 


70.1 

8.54 

8.21 

H 

463 


47.70 

7.53 

6.33 


Average 

Gain for H 463 

over Yellow Caledonia. 

..58.90 

.+4.28 

8.04 

+0.44 

7.27 

+0.90 


H 467. A test at Grove Farm is reported : 


H 

467 

. . . .Plant 

67.1 

9.84 

6.82 

H 

467 

. . . . Short ratoon 

45.71 

8.15 

5.61 


Average 


....56.41 

9.00 

6.22 


Gain for H 467. . . 


. ..+1.79 

—0.52 

—0.15 


H 468. A test at Grove Farm is reported : 


H 468 

. , . . Short ratoon 

42.96 

8.14 

5.28 

Yellow Caledonia 

, . . . Short ratoon 

36.13 

8.18 

4.42 

Gain for H 468. . . 


. .+6.83 

+ 0.04 

+0,86 


H 469. A test at Grove Farm is reported : 


Variety 

Crop 

Cano 

Q. R. 

Sugar 

H 469... 


67.3 

9.38 

7.17 

H;469... 


46.79 

9.66 

4.84 

Average 

^ - T - - 

. .. 57.05 

9.52 

6.01 

Gain for 

H 469 over Yellow Caledonia... 

...+2.43 

—1.04 

—0.36 


Oahu— 


H 456. Owing to its poor ratooning qualities this variety has not been spread 
on Oahu during 1924, 

A test at Ewa showed this variety cannot compete with H 109. 


Variety Crop Cane Q. R. Sugar 

H 109 Plant 106 .28 7 . 63 13 .93 

H 456... Plait * 78.63 7.80 10.08 

I Gain for H 109. .. .+27.65 +0.23 +3.85 
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Also at Waipio H 456 failed in 2 crops. 


H 

109 ... 


77.4 

7.44 

10.40 

H 

109.... 

. v. . . .First ratoon 

93.3 

7.37 

12.62 


Average 2 crops 


....85.4 

7.41- 

11.51 

H 

456....... 


65.1 

7.38 

8.82 

H 

456..,......^.... 


85.9 

8.07 

10.64 


Average 2 crops 


....75.5 

7.73 

9.73 


Gain for H 109, 

average 2 crops 

...+9.9 

+0.32 

+ 1.78 


H 468. This seedling was compared with H 109 at Ewa in the following test 


Variety 

Crop 

Cane 

Q. B. 

Sugar 

H 109.. 

. . . Plant 

101.50 

7.66 

13.25 

H 468. ; 

. . .Plant 

93.89 

7.76 

12.10 

Gain for H l09 . . . 


+7.61 

+0.10 / 

+1.15 

H 471. A test at Ewa with H 109 yielded: 



Variety 

Crop 

Cane 

Q. B. 

Sugar 

H 109 

. . .Plant 

146.97 

8.31 

17.69 

H 471 

. . .Plant 

92.80 

8.14 

11.40 

Gain for H 109 


+54.17 

—0.17 

+6.29 


H 472. A test at Ewa comparing H 472 with H 109 gave: 


Variety 

Crop 

Cane 

Q. B. 

Sugar 

H 109 


145.39 

8.67 

16.77 

H 472 


87.39 

8.28 

10.55 



58.00 

—0.39 

6.22 


Maui — 

H 456. Pioneer Mill Company — No harvesting data. 

H 463. Pioneer Mill Company — No harvesting data, 

H 471. Pioneer Mill Company — No harvesting data. 

H 472. Pioneer* Mill Company — No harvesting data. 

Hawaii — • 

H' 456. Pahala — No harvesting data— good growth. 
Olaa- — ^No harvesting data — good growth. 
Waiakea— No haryesting data — good growth. 
Onomea — No harvesting data— good growth. 
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Honomu — No harvesting data — good growth. 

Hakalau reports the following test giving a good gain for H 456 
over Yellow Caledonia: 


Variety Crop Cane Q. B. Sugar 

H 456 Plant 66.09 7.53 8.78 

Yellow Caledonia Plant 40.91 7.91 5.17 


Gain for H 456 ..+15.18 +0.38 +3.61 


H 457. Hakalau has secured good results at a high elevation in cane yield 
but poor juice from H 457. 


Variety Crop Cane Q. B. ►‘^ugar 

H 457.* Plant 76.22 11.05 6.90 

Yellow Caledonia Plant 58.52 7.91 7.39 

Gain for H 457 +17.70 —3.14 —0.49 

H 463. Hakalau finds H 463 a promising high land cane in this test : 

Variety Crop Cane Q. E. Sugar 

H 463 Plant 71.53 7.90 9.05 

Yellow Caledonia Plant 56.10 7.91 7.09 

Gain for H 463 +15.43 +0.01 +1.96 


H 468, Pahala (No harvesting data — good growth). 

H 469. Onomea (No harvesting data — good growth). 

H 471. Onomea (No harvesting data — good growth). 

H 472. Pahala (No harvesting data — good growth). 

H 472. Onomea (No harvesting data — good growth). 

‘‘5900’^ Series 

Kauai — 

No seedling of the “5900*' series has been reported on from Kauai as 
being especially promising and none have been spread in 1924. 

Oahu — 

No large areas have been tried out on Oahu of these seedlings during 
1924. Harvesting data at Ewa showed them inferior seedlings to H 109. 


H 5978. 

Variety Crop Cane Q, B. Sugar 

H 109 Plant 162.59 8.58 18.95 

H 5978 Plant 108.76 8.69 12.51 


Gain for H 109 ,..+53.83 +0.11 +6.44 



m 


H 5986. 


H1G9... Plant 149.65 9.55 15.67 

H 5986 Plant 125.38 9.79 12.81 

Gain for H 109 +24,27 +0.24 +2.86 


Maui — 

H 5946. Pioneer (No harvesting data — promising). 

H 5949. Pioneer (No harvesting data — promising). 

H 5974. Pioneer (No harvesting data — promising). 

H 5978. Pioneer (No harvesting data — promising). 

Hawaii — 

H 5949. Waiakea (No harvesting data). 

H 5953. Honokaa reports test with D 1135. 


Variety Area Cane Q. R. Sugar 

H 5953.... 01 47.0 6.84 6.87 

D 1135.... 01 42.0 7.33 5.83 

Gain for H 5953 +5.0 +0.49 +1.04 


H 5965. Pahala (No harvesting data — good growth). 

Waiakea (No harvesting data). 

H 5972, Waiakea (No harvesting data). 

Honokaa harvested a test of H 5972 with D 1135. 


Variety Area Cane Q. B. Sugar 

H 5972 .01 53.9 6.83 7.87 

D 1135 01 42.0 7.33 5.83 

Gain for H 5972 ..+11.9 +0.50 +2.04 


H 5973. Honokaa also tested out H 5973 with D 1135, securing 5 tons 
of cane per acre more. 


Variety Area Cane Q. R, Sugar 

H 5973 01 47.0 7.61 6.22 

D 1135 01 42.0 7.33 5.83 

Gain for H 6973 +5.0 —0.28 +0.39 

H 5995. Honokaa reports a test on H 5995. 

Variety Area Cane Q. R. Sugar 

H 5995..................... vOl 52.2 8.65 6,04 

D 1135........./... .... .01 42.0 7.38r 5.83 

Gain for H . ...... . *+10.2 — ^J.32 +0.21 
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Seedlings of 1918 Kauai Propagation 

(Raised by R, S. Thurston.) 

Kauai — 

Makaweli 1. Hawaiian Sugar Co., no harvesting data. 

Makaweli 3. Hawaiian Sugar Co., no harvesting data. 

MeBryde 1. McBryde Sugar Co., no harvesting data. 

McBryde 2. McBryde Sugar Co., no harvesting data. 

Seedlings of 1917 Oahu Proparation 
At Makiki. 

(Raised by J. S. B. Pratt, Jr., and Y. Kutsunai.) 


Oahu — 


O. P. 268. Ewa reports a test: 


Variety 

Cane 

Q. R. 

Sugar 

H 109 

.145.35 

7.66 

18.97 

No. 268 

.126.45 

8.77 

14.42 

Gain ^or H 109 

+ 18.90 

+1.11 

+4.55 

P. 347 (Ewa 800). Ewa reports two 

• tests: 



Variety 

Cane 

Q.R. 

Sugar 

H 109 

.168.33 

8.88 

18.95 

Ewa 800 

.150.10 

8.05 

18.65 

Gain for H 109 

+ 18.24 

— .75 

+ 0.30 

Variety 

Cane 



H 109 (Short plant) 

. 63.93 



Ewa 800 

, 60.90 



Gain for H 109 

.+3.03 



P. 394. (Ewa No. 801). Ewa reports 

a test: 



Variety 

Cane 

Q. R. 

Sugar 

Ewa 801 

.116.32 

8.25 

14.10 

H 109 

.107.60 

8.09 

13.30 

Gain for Ewa 801 

..+8.72 

—0.16 

+ 0.80 


Maui — ' 


0. P. 11. 



Pioneer, 

no 

60. 



Pioneer, 

no 

78. 



Pioneer, 

no 

287. 



Pioneer, 

no 

347 

(Ewa 

800). 

Pioneer, 

no 

349 

(Ewa 

801). 

Pioneer, 

no 

746. 



Pioneer, 

no 


harvesting data, reports good growth, 
harvesting data, reports good growth, 
harvesting data, reports good growth, 
harvesting data, reports good growth, 
harvesting data, reports good growth, 
harvesting data, reports good growth, 
harvesting data, reports good growth. 


Kauai— 

O. P. 229 (Honokaa No. 1). Grove Farm, no harvesting data. 
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Hawaii— 

i . 

Honokaa hag tested out these seedlings on a small scale and has spread 0. P. 1917 
229, or Honokaa No, 1, to 15 acres. The yields follow: 


Variety 

Cane 

Q. B. 

Sugar 

0. 

P. 11 

... 39.2 

6.46 

6.06 

D 

1135 

42.8 

7.33 

5.83 


Gain or Loss for 0. P. 11 . . 

...—3.6 

+0.87 

+0.23 

0. 

P. 124..... 

... 46.0 

7.23 

6.36 

D 

1135 

... 42.8 

7.33 

5.83 


Gain for 0. P. 124 

...+3.2 

+0.10 

+0.53 

0. 

P. 134... 

... 42.8 

7.28 

5.88 

J> 

1135 

... 42.8 

7.33 

5.83 


Gain for 0. P. 134 


+0.05 

+0.05 

0. 

P. 176 '. 

... 39.6 

6.68 

5.92 

D 

1135 

... 42.8 

7.33 

5.83 

Gain or Loss for 176 

...—3.2 

—0.65 

+0.09 

0. 

P. 229 (Honokaa No, 1).... 

... 25.8 

8.93 

2.77 

D 

1135 

... 24.7 

8.19 

3.15 


Gain or Loss for 229 

...+1.1 

—0.74 

—0.38 

0. 

P. 719 

... 45.8 

6.59 

6.94 

D 

1135 

... 42.8 

7.33 

5.83 


Gain or Loss for 719 

...+3.0 

+0.74 

+1.11 

0 . 

P. 748 

... 42.3 

7.20 

5.88 


1135 

... 42.8 

7.33 

5.83 


Gain or Loss for 748 

...,+0.5 

+0.13 

+0.05 


Seedlings of 1917 Maui Pj^opagation 
(R aised by J. T. Moir, Jr., at Wailuku.) 


Kami — 


Wailuku 2. 
Wailuku 2, 
Wailuku 4. 
Wailuku 9. 
Wailuku 10. 
Wailuku 11. 
Wailaku 13. 


McBryde, no harvesting data, reports good growth. 
Koloa, no harvesting data, reports good growth. 
McBryde, no harvesting iata, reports good growth. 
Koloa, no harvesting datai reports good growth. 
McBryde, no harvesting data, reports good'"^wth. 
Koloa, ho harvesting data, reports good growth. 
Koloa, no harvesting data, reports good growth. 
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Oahu — 

Wailuku 2. Kahuku, no harvesting data, reports good growth. 
Wailuku 2. Ewa reports harvesting test on 10 months old cane: 

Wailuku 2 
H 109 ... 

Gain for W 2 1.46 cane per acre 

Wailuku 11. Ewa reports test on 10 months old cane: 

H 109 62.85 cane per acre 

Wailuku 11 57.03 cane per cane 

Gain for H 109 5.82 cane per acre 

Wailuku 13. Ewa reports test on 10 months old cane: 


Wailuku 13 66.32 cane per acre 

II 109 62.85 cane per acre 


48.82 cane per acre 
47.36 cane per acre 


Gain flor W 13 


3.47 cane per acre 


Maui — 

The seedlings have been spread rapidly and except at Wailuku no harvested experi* 
nients show how the seedlings rank. The Experiment Station monthly letter of June 7, 
1924, gives some comparative yields with H 109 from which the following is taken: 


Variety 



Cane 

Q. R. 

Sugar 

W 2 



109.4 

10.71 

10.21 

H 109 



99.9 

7.60 

13.12 

Gain or 

Loss for 

W 2. . . . 

+9.5 

—3.11 

—2.81 

W 4 



90.3 

8.25 

10.94 

H 109 



102.4 

7.60 

13.54 

Gain or 

Loss for 

W 4 

. .. .—12.1 

— 0 . 6o 

—2.60 

W 11 



126.1 

8.93* 

14.11 

H 109 .... 



99.1 

7.60 

13.02 

Gain or 

Loss for 

W 11.... 

....+27.0 

—1.33 

+1.09 



m 


flerewHh follows a list Of the Wailuku seedlings being extended to larger areas and 
considered worth further trial at the places mentioned: 

Wailuku 1 — H. C. & S. Co., Wailuku, Pio- 
neer. 

Wailuku 2^~H. C. & S. Co., Wailuku, Olo- 
walu, Pioneer. 

Wailuku 4* — H. C^ & S. Co., Wailuku, Maui 
Agricultural, Pioneer. 

Wailuku 5 — ^Wailuku. 

Wailuku 6 — Wailuku. 

Wailuku 9* — Maui Agricultural, Wailuku. 

Wailuku 11* — Wailuku, Pioneer. 

Wailuku 12 — H. C. & S. Co., Olowalu, Pio- 
neer. 

Wailuku 13 — Wailuku. 

Wailuku 15 — H. C. & 8. Co., Olowalu, Pio- 
neer. 

Wailuku 16 — H. C. & 8. Co. 

Wailuku 17 i — Pioneer. 

Wailuku 21* — Pioneer. 

Wailuku 23* — ^Pioneer. 

Wailuku 26 — H. C. & 8. Co. 

Wailuku 42* — Pioneer. 

Wailuku 47 — H. C. & 8. Co. 

Wailuku 49* — H. C. & 8. Co., Wailuku, Pio- 
neer. 

Wailuku 50*— H. C. & 8. Co., Wailuku, Olo- 
walu, Pioneer. 

Wailuku 51* — Wailuku, Pioneer. 

Wailuku 54 — Maui Agricultural. 

Wailuku 55*— H. C. & 8. Co., Pioneer. 

Wailuku 56 — H. C. & 8. Co. 

Wailuku 57 — Wailuku. 

Wailuku 62* — Pioneer. 

Wailuku 64*— H. C. & 8. Co., Pioneer. 

Wailuku 65 — H. C. & S. Co. 

Wailuku 66 — H. C. & 8. Co. 

Wailuku 67 — H. C. & 8. Co. 

Wailuku 68 — H. C. & 8. Co. 

Wailuku 69 — H. C. & S. Co. 

Wailuku 70 — H. C. & 8. Co. 

Wailuku 71*— H. C. & 8. Co. 

Wailuku 72 — H. C. & 8. Co. 

Wailuku 73* — Wailuku, Pioneer. 

Wailuku 74^— H. C. & 8. Co. 

Wailuku 75* — ^H. C. & 8. Co. 


* Including 28, 29, 30, 43, 44, 58 recommended for trial under different environments 
by Mr. W. W. G. Mbir. 
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Hawaii — 

Wailuku 1. Waiakea^ no harvesting data. 

Wailuku 2. Waiakea, no harvesting data. 

Wailuku 2. Onomea no harvesting data. 

Wailuku 2. Hilo Sugar, no harvesting data. 

Wailuku 4. Waiakea, no harvesting data. 

Wailuku 6. Waiakea, no harvesting data. 

Wailuku 10. Waiakea, no harvesting data. 

Seedlings of 1917 Hawaii Propagation 

(Raised by W. P. Alexander at Kohala and Hilo.) 

Kauai — 

Kohala 117. Grove Farm, no harvesting data. 

Kohala 202. Grove Farm, no harvesting data. 

Hawaii — 

Kohala 4. Kohala Sugar Co., no harvesting data. 

Kohala 4. Waiakea Mill, no harvesting data. 

Kohala 73. Kohala Sugar Co., no harvesting data. 

Kohala 107. Kohala Sugar Co., no harvesting data. 

Kohala 107. Waiakea Mall, no harvesting data. 

Kohala 115. Kohala Sugar Co., no harvesting data. 

Kohala 117. Waiakea Mill, no harvesting data. 

Kohala 117. Kohala Sugar Co., no harvesting data. 

Kohala 202. Waiakea Mill, no harvesting data. 

Kohala 202. Kohala Sugar Co., no harvesting data. 

Waiakea 1. Waiakea Mill, no harvesting data. 

“8900’’ Series 

H 8901. Pahala (No harvesting data), reports good growth. 

H 8906. Pahala (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Waipio (No harvesting data), reports good growth. 

Hawaiian Sugar (No harvesting data), reports good growth, 

H 8948. Kahuku (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Koloa (No harvesting data), reports good growth, 

Bwa reports following test: 


Variety 

Cane 

Q. R. 

Sugar 

H 109 

....145.77 

8.22 

17.73 

H 8948 

....128.52 

9.10 

14.12 

Gain for H 109... 

...-fl7.25 

4-0.88 

43.61 


H 8954. Maui Agricultural (No harvesting data), reports good growth, 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
H 8958. Pahala (No harvesting data), reports good growth. 
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t ' 

Waiakea (No harvesting data), reports good growth. 

Kahtiku (No harvesting data), reports good growth. 

Waialua (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Ewa (No harvesting data), reports only fair ratoons. 

H 8961. Kahuku (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Waiakea (No harvesting data), repprts good growth. 

Maui Agricultural (No harvesting data), reports good growth, 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth, 
H 8965. Pahala (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Waialua (No haiwesting data), reports good growth. 

Waipio (Np iihrvesting data), reports good growth. 

Kahuku (No hayvesting data), reports good growth. 

Koloa (No harvesting data), reports good growth. 

Hawaiian Sugar (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Ewa reports following test: 


Variety 

Cane 

Q. R. 

Sugar 

H 109 

....145.77 

8.22 

17.73 

H 8965 

....108.42 

8.69 

12.48 

Gain for H 109 . . . 

...+37.35 

+0.49 

+5.25 


H 8969. Pahala (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
H 8973. Kahuku (No harvesting data), reports good growth. 

Pioneer (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Hawaiian Sugar (No harvesting data), reports good growth. 

Koloa (No harvesting data), reports good growth. 

Ewa reports following test; 


Variety 

Cane 

Q.B. 

Sugar 

H 109 

....145.77 

8.22 

17.73 

H 8973 

....118.03 

9.67 

11.69 

Gain for H 109 . . . 

. ..+32.74 

+1,45 

+6.04 


H 8978. Kahuku (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Hawaiian Sugar (No harvesting data), reports good growth. 

Ewa reports following test: 


Variety 

Cane 

Q. B. 

Sugar 

H 109 .......... 

..145.77 

8.22- 

— 17.73 

H 8978 

..180.23 

9.66 

13.32 

Gain for H 109. .. ., ; 

*+15.54 

+1,44 

+4.41 
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H 8982. 
H 8984. 

H 8988. 


H 8993. 


H 8994. 


H 89102. 


H 89164. 
H 89205. 
H 89258. 
H 89282. 


H 8139. 
H 86441. 
H 86441. 
H 86465. 
H 86465. 
H 86484. 
H 86484. 


Waiakea (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Oahu Sugar (No harvesting data), reports good growth. 

Pioneer (No harvesting data), reports good growth. 

Koloa (No harvesting data), reports good growth. 

Ewa (No harvesting data), reports good grow^th. 

Pahala (No harvesting data), reports good growth. 

Oahu Sugar (No harvesting data), reports good growth. 

Kahuku (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Koloa (No harvesting data), reports good growth. 

Ewa reports following test: 


Variety 

Cane 

Q. B. 

Sugar 

H 109 

....145.77 

8.22 

17.73 

H 8993 

.... 91.98 

8.89 

10.35 

Gain for H 109 .. . 

...+53.79 

+ 0.67 

+ 7.38 


Pioneer (No harvesting data), reports good growth. 

Kahuku (No harvesting data), reports good growth. 

Waialua (No harvesting data), rei)ort8 good growth. 

Waipio (No harvesting data), reports good growth. 

Hawaiian Sugar (No harvesting data), reports good growth. 

Koloa (No harvesting data), reports good growth. 

Maui Agricultural (No harvesting data), reports good growth. 

Hawaiian Commercial & Sug. Co. (No harvesting data), reports good growth. 
Ewa reports follow'ing test: 


Variety 

Cane 

Q. E. 

Sugar 

H 109 

159.29 

8.10 

19.67 

H 89102 

116.69 

8.69 

13.43 

Gain for H 109 . , . 

. ..+42.60 

+0.59 

+ 6.24 


Ewa (No harvesting data), reports good growth. 
Ewa (No harvesting data), reports good growth. 
Ewa (No harvesting data), reports good growth. 
Ewa (N |0 harvesting data), reports good growth. 


1918 Seedlings Selected by Dr. Lyon 

Pioneer, no harvesting data, reports good growth. 
Pioneer, no harvesting data, reports good growth. 
Ewa, no harvesting data, reports good growth. 
Ewa, no harvesting data, reports gopd growth. 
Pahala, no harvesting data, reports good growth. 
Ewa, no harvesting data, reports good growth. 
Pahala, no harvesting data, reports good growth. 
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Ewa Seedlings— 

Harvesting data on three of the Ewa seedlings propagated in 1915-16 gave 
the following yields: 


Variety 


Cane 

Q. B. 

Sugar 

H 109 


147.64 

9.39 

15.72 

Ewa 371 


132.71 

9.18 

14.46 

Gain for H 

109 

-i-14.93 

—0.21 

+1.26 

H 109 


112.66 

8.04 

13.41 

Ewa 383 


107.85 

8.42 

13.38 

Gain for H 

109 

-f-4.81 

+0.38 

+0.03 

H 109 , ; ; 


158.09 

10.41 

15.19 

Ewa 387 


123.64 

8.82 

14.02 

Gain for H 

109 

+34.45 

—1.59 

+ 1.17 


1919—1920 H. S,P. A. Seedlings— 

Seedlings of the 1919 and 1920 propagations are just beginning to be spread 
to large enough areas so that estimates can be made of their worth. 

Uba Hybrid No. 1 is being watched with interest. 

H 9923 is attracting attention on account of its rapid growth. 

The Badila seedlings are below standard. 


Sugar Losses in Cane Damaged by Rats and Beetle 

Borer* 


By Raymond Elliott. 

The brown rat (Rattus norvegicus), and cane borer (Rhabdocnemis obscura, 
Boisd.) are the two major pests of cane in the Hamakua district. The damage 
done amounts to thousands of dollars annually. 

The rat is being somewhat controlled by artificial methods, i. e., poisons, traps, 
etc. The cane borer has its natural enemy, the Tachinid fly (Ceremasia 
sphenophari). 

Mr. Pembenon, of the H. S. P. A. Experiment Station, has been examining 
borer-injured cane to determine the efficiency of the borer parasite at Paauhau. 
His results on that particular phase of control will be published later. 

The object of the writer, in conducting the following experiments, is to show 
in dollars and cents just what this loss amounts to. ^ 

* presented at Thtird Annual Meeting of Assoeiation of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924 
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There were fifty experiments^ twenty-six rat-eaten cane and twenty-four cane 
borer injury, harvested over a period of four months (February to May, 1924, 
inclusive), from five irrigated fields. Each experiment represents approximately 
ten acres. 

Thirty feet of a cane row were taken at different parts of the field. The 
row was stripped, it was then cut and the stalks counted. Each stick was 
examined for damage done by the cane borer or rat, depending upon whether 
it was a rat or cane borer experiment, and tabulated accordingly. 

The cane was then brought to the mill, weighed and divided into two separate 
piles and labeled piles Nos. 1 and 2. Pile No. 1 was then divided into seven 
equal parts and analyses made. This bundle will serve as a control over that 
part which is actually infested by the borer or damaged by the rat. 

In pile No. 2, all sound cane and damaged cane were segregated. The sound 
cane was weighed and divided into seven equal parts, analyzed and designated 
as 2A. 

The damaged cane is gone over very thoroughly and that part which is 
damaged is cut out. If the stalk still shows a red discoloration and gives off a 
sour odor it is still cut away until the discolored parts and odor disappear. The 
sound parts are weighed, analyzed and designated as 2B. 

The damaged part is weighed, analyzed and designated as 2C. 

A summary of the results is as follows : 

Table I. 

CANE BOREB DAMAGE 


No. of Experiments 

Variety 

Per cent Sticks With Cane Borer 

3 

H 20 


55.56 

11 

Y. C. 


30.54 

3 

D 1135 and Y. C. 


22.58 

2 

H 109 


21.43 

5 

D 1135 


11.32 

24 

BAT DAMAGE 

True Average.. 

..27.17 

2 

H 20 


50.24 

6 

D 1135 


36.07 

16 

Y. C. 


29.07 

1 

H 109 


23.77 

1 

D 1135 and Y. C. 


22.58 

26 


True Average . . 

..32.92 



142 


#5 » 

CJ>;S 


Ift 

r4 

00 


O 

eq 


o 

Jz; 


Pm 


tuo ^ 
c9 -F 


s 

d 

Q 


o 

Ph 

.ts 

*c 


09 

1-4 

O) 

1-M 

09 


o 


-2 

c 


•c 

S. 

2 

a; 

C 

o 

C 

QJ 

4-* 

cd 

4^ 


TJ 

C 

cd 

u 

a 

o 

a; 

C 

cd 

u 

4; 


4; 

C/l 

Id 

c 

(d 


ra 

p 

p 

PQ 


bOD 

es 

s 

p 


U 

ui 

» 

< 

H 


©q 


o 

iz; 


p 

p 


- 

09 

00 

OS 

'<0 

§ O* 


00* 

■*A 

p 


O 

© s 

O) 

O 

p 

00* 

00 

a> 

00 

00 

© 






ns X-i 

Oi 

l>. 

«* P 

«P Qm 

<6 

r4 

d 

1-4 

00 



H 

00 

ca 

p -S 

O 

os 

« a 

OS 

1'-. 


1— 1 

r4 


lO 

00 


IjO 

OS 

<y 

l> 

If-i 

© • 

09 

ip 

p ^ 


U9 

p p 
O PlM 

d 

00 

00 

ns 



P P 

HH 

rH 

P 1. 


t- 


l> 

r-1 

d 

1-4 


U9 

!>. 


09 

00 

« 

OS 

1-4 

00* 

1-4 


O) 

S » 

-S oi* 

P 

P 


P 

s « 

t O 


p 

p 

PQ 




o 

©a 




o 


<M 

ns 

P 

P 


*o 

I PP 

§ 

o 


P . 

§ I 

1 H 

» © 

w § 

2 

I - 

PP 


p 

1 




PCJ 

p 

p 

PQ 


PQ 

Sei 



143 


The figures that we are most interested in are those of 2A and 2C. If the 
cane was all damaged as in 2C it would take the above amounts, as indicated, to 
make a ton of sugar. However, when the weights are really known, it is much 
larger than a person would expect. The actual weights of damaged cane are 
7.47 lbs., 7.81 lbs. per 100 lbs. of cane by the rat and cane borer respectively. 

Taking the stalks and cutting out that portion which is damaged, we have 
30.83 and 31.78 lbs. per 100 lbs. of cane respectively. 

Table III. 

Per cent Ba*t Eaten Oane and Losses Calculated to Dollars and Cents, Taking Sugar at 

$0.07 per IB. 

RAT-EATEN CANE LOSSES 

True 



F. 2 

F. 9 

F. 15^ 

F. 14A 

F. 7 

Ave. 

Per cent total sticks rat eaten 

....10.42 

14.51 

36.07 

48.21 

54.00 

32.92 

Per cent loss in sugar per acre 

1.30,5 

1.357 

4.366 

6.594 

16.430 

5.861 

Loss in dollars and cents per acre . , 

.... 9.912 

14.028 

43.400 

61.810 

135.128 

51.884 

Loss in dollars and cents per 1 per 
rat*eaten cane per acre 

cent 

951 

.967 

1.203 

1.282 

2.502 

1.576 


Table IV. 

Per cent Infestation and Losses Calculated to Dollars and Cents, Taking Sugar at 

$0.07 per lb. 

CANE BORER LOSSES 

True 



F. 151/4 

F. 9 

F. 2 

F. 14A 

F. 7 

Ave. 

Per cent total sticks with cane borer 

8.43 

18.72 

24.30 

29.88 

53.13 

27.17 

Per cent loss in sugar per acre 

394 

1.460 

.737 

3.193 

15.212 

4.581 

Loss in dollars and cents per acre.. 

.... 1.876 

13.622 

5.950 

31.038 

157.822 

42.308 

Loss in dollars and cents per 1 per 

cent 






infestation per acre 

223 

.728 

.245 

1.038 

2.970 

1.557 


Discussion of Results. 

Table I, the number of stalks damaged, expressed as a percentage, shows 
that the variety H 20 is the most susceptible to damage by both enemies. The 
areas planted to H 20 at Paauhau are very small and are more in the nature of 
an experiment in the different fields. The number of experiments harvested are 
given opposite each variety and are self-explanatory. 

Turning to the figures in Table II, the reader should bear in mind that the 
figures as given in 2A are the quality ratios of sound cane that is not damaged 
by either of the two above-mentioned pests; while in 2B are the stalks after 
having the damaged part cut out ; 2C is that part that is actually damaged and 
is one of the factors for requiring more cane to make a ton of sugar, and in- 
cidentally giving a juice of somewhat lower purity. 



The difference in quality ratios of 1 and 2A are indicative of the amounts 
to make a ton of sugar where you havq damaged cane mixed with the sound 
cane and sound cane alone. 

In Tables III and IV are given the percentages and losses by the rat and 
cane borer, field by field, with a true average summary. 

In 1923, the writer did not conduct any experiments re the damage done by 
rats, experiments being confined to that of the cane borer. 

The percentage of stalks with cane borer in 1923 approximates that of 1924 
very closely, namely, 26.48 as against 27.17. % 

If we exclude the experiments of F7, the loss in dollars and cents for the 
cane borer and rat-eaten experiments are $0.56 and $1.10 per acre per one per 
cent infestation respectively. 

The loss in the 1923 experiments for cane borer was $0,655 per one per cent 
of infestation per acre. ^ 

It should be noted that in the experiments on rat-eaten cane the greater the per 
cent stalks of cane damaged, the greater the loss in dollars and cents per one per 
cent rat-eaten cane per acre. 

In the cane borer experiments, that is in most but not all cases, the greater 
the borer infestation, the greater the losses per one per cent infestation per acre. 
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Annual Synopsis of Mill Data, 1 924 

By W. R. McAllep 

Data in this Synopsis, represent all sugar produced by plantations in the 
Association from September 30, 1923, to September 30, 1924. Data are included 
for portions of the 1923 crop of three factories that had not finished grinding 
on the former date. Five factories had not finished grinding in time to submit 
figures for all of the 1924 crop. The unfinished portions will be included in the 
next Synopsis. I^igure^ including unfinished portions of the 1923, and figures 
that do not represent the whole of the 1924 crop are so designated in the first 
of the large tables. 

The form in which data are presented is much the same as in the last few 
seasons. A number of tables give detailed information on quality of cane, mill- 
ing, boiling house work, etc. Operating data and averages for the last ten years 
are in the first of the three large tables. The second large table contains mill 
settlings, etc., and the third, surface and juice grooving. When not otherwise 
noted, factories are listed according to the average size of the crop for the pre- 
ceding five seasons. 

Attention was called in last year’s Synopsis to peculiarities in control figures 
for the Pelree process. Many of these figures are not directly comparable with 
corresponding data for factories that do not return settlings to the mill. Averages 
for the total crop as compiled in these Synopses are materially affected in some 
particulars. The writer would refer to last year’s Synopsis for further details. 
A third factory has now installed this process and the o'her two have had pro- 
portionately larger crops, increasing the percentage of sugar produced by this 
process from 12 per cent in 1923 to slightly under 16 per cent this year. Last 
year averages were influenced by these figures to the extent that valid compari- 
sons with the work of previous years, on the basis of true averages for all the 
factories, were rendered difficult and uncertain. This year the difficulty is 
accentuated. 

Data as compiled in these Synopses serve a useful purpose in classifying 
factories according to the quality of the work. In the writer’s opinion, however, 
comparisons of one season’s work with another on the basis of averages for the 
entire crop, particularly when supplemented with analyses of results at individual 
factories serve a much more useful purpose. In several respects these compari- 
sons afford more definite and reliable information than can be obtained in any 
other way. ‘ They show to what extent results indicated by experimental work 
are secured in practice. They reflect the effect of changes in conditions and 
operating methods and show in true perspective the general trend of factory 
operations. The difficulty in making close, valid comparisons with previous sea- 
sons in extraction, recovery and other averages affected by the Petree process, 
detracts materially from the value of these Synopses. 

Table 3 containing averages for the last three years for all factories that 
do not now use the Petree process, overcomes the difficulty for these three sea- 
sons. By taking into consideration differences between 1922 averages in Table 3 
and corresponding 1922 averages for all factories, somewhat better comparisons 
can be made with the work of years previous to 1922 than can be made on the 
basis of averages in the large table, but the comparisons are still unsatisfactory. 
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TABLE NO. 1 


VABIETIES OF CANE 



H 109 

d 

D 1135 

Lahaina 

Striped 

Mexican 

Yellow Tip 

Striped Tip 

Bose 

Bamboo 

Other 

Varieties 

H. C. & 8. Co 

77 


15 

7 

1 




, , 

Oahu 

70 

• • 

15 

5 

, . 




10 

Ewa . * 

too 


, . 

, . 

. , 





Waialua 

37 

10 

25 

7 

, . 




kx 

Pioneer 

58 


3 

4 

31 



. . 

4 

Olaa 


87 

13 


.. 




, , 

Haw. Sug 

hi 

1 

32 






14 

Maui Agr. 

61 

2 

1 

i-i 

9 



ii 

. . 

Onomea 

, . 

78 

, . 


. . 

22 



. . 

Lihue 

18 

79 

1 


•• 




2 

Haw. Agr 

> 

53 

10 


4 



• • 

33 

Hakalau 


93 




7 


. . 

. . 

Honolulu 

75 

19 

5 

1 






Kekaha 

19 


16 

62 





3 

Hilo 


95 

5 

•• 






AVailuku 

62 

1 

2 

15 

20 




. . 

McBryde 

54 

36 

10 







Makee 

20 

78 

, , 



• • 



2 

Honokaa 

7 

19 

73 




• • 


1 

Laupahoehoe 


42 

12 



42 

3 


1 

Pepeekeo 

, , 

93 

1 



6 

, , 

• • 

. . 

}Iamakua ......... 


34 

50 



3 

1 


12* 

Hahuku 

49 

46 


5 






Paauliau 

6 

42 

45 



6 



i 

Honomu 


99 





•• 


1 

Koloa 

14 

77 

5 




.. 


4 

Waiakea 

. , 

. 98 

1 



1 



. . 

Hutchinson 


39 

, . 



. , 

i 

59 

1 

Hawi 

28 

9 

19 . 


*4 

3 

37 



Waianae 

100 

•• 




•• 

■ •• 

i 

•• 

Kaiwiki 


48 

14 



2 

21 

. . 

15* 

Kohala 


22 

40 



11 

23 


4 

Kilauea 

8 

59 

2 



. , 

. . 


31t 

Kaeleku 

, . 

100 

. . 




, , 



Waimanalo 

76 

23 

,1 1 



•• 

.. 


•• 

Halawa 


40 

15 




45 



Union Mill 

, . 

14 

8 



. . 

77 1 


i 

Waimea 

40 

1 

2 

56 


, , 



1 

Olowalu 

73 

. . 

, , 

5 

22 i 

, , 

i 



Niulii 

•• 

55 

14 


•• 

15 

J 


• • 

True Average 1924. 

38.1 

32.6 

12.0 

4.4 

2.5 

2.3 

2.0 

1.4 

4.7 

** 1923. 

30.7 

36.3 

11.2 

8.4 

3.1 

1.2 

1.6 

1.6 

6.0 

1922. 

21.1 

40.3 

12.2 

12.0 

2.8 

2.7 

1.6 

1.6 

6.7 

<< 1921. 

15.0 

46,1 

ILO 

17.4 

3.0 

1.2 

1.8 

1.0 

4.5 

1920. 

9.1 

42.7 

10.0 

26.7 

2.5 

1.4 

2.1 

0.8 

4.7 

1919. 

6.8 

46.4 

7.2 

29.1 

1.8 

.. .0.3 

2.6 

2.1 

3.7 

1918. 

4.0 

42.9 

I-' 7.5 

37,9 

0.6 

0.6 

1.6 

1 l-l 

4.0 


* trineipally D IIL 
Prineip^lly Badila 



147 


TABLE NO. 2 

COMPOSITION OF CANE BY ISLANDS 


* 

Hawaii 

Maui 

Oahu 

Kauai 

Whole 

Group 

1915 






Polarization 

12.61 

15.23 

14.29 

14.09 

13.77 

Percent Fiber 

13.00 

11.44 

12.77 

12.46 

12.51 

Purity 1st Expressed Juice. . . 

87.86 

90.48 

87.27 

86.99 

88.24 

Quality Eatio 






..... 

8,03 

1916 






Polarization 

12.54 

14.62 

13.74 

13.26 

13.45 

Percent Fiber 

13.22 

12.22 

12.51 

12.86 

12.74 

Purity 1st Expressed Juice. . . 
Quality Eatio 

87.56 

89.41 



87.15 

86.26 



87.70 

8.22 

1917 





13.76 

Polarization 

13.31 

15.43 

13.55 

13.13 

Percent Fiber 

13.23 

11.67 

12.25 

12.89 

12.62 

Purity 1st Expressed Juice. . . 

88.11 

90.40 

86.77 

86.70 

88.02 

Quality Eatio 

8.21 

7.03 

S.20 

8.27 

7.95 

1918 






Polarization 

11.88 

14.25 

13.50 

12.54 

12.97 

Percent Fiber 

13.35 

11.53 

12.23 

12.84 

12.50 

Purity Ist Expressed Juice. . . 

(Quality Eatio 

1919 

87.27 

88.62 

86.93 

85.88 

87.18 

9.27 

7.73 

8.27 

8.60 

8.47 

Polarization 

12.74 

15.12 

14.24 

13.52 

13.74 

Percent Fiber 

13.07 

S 11.74 

1 12.14 

12.61 i 

i 12.49 

Purity Ist Expressed Juice. . . 

' 87.54 

! 88.81 

i 87.00 

85.82 

87.34 

Quality Eatio 

, 8.66 

7.25 

; 7.81 

8.20 1 

1 8.05 

1920 


1 




Polarization 

12.86 i 

15.29 

13.75 

13.07 

13.64 

Percent Fiber 

1 13.36 1 

11.39 

12.65 

1 12.72 

12.64 

Purity 1st Expressed Juice. . . 

i 87,87 1 

88.94 

85.40 

86.52 

87.24 

Quality Eatio 

1921 

i 8.45 : 

1 j 

7.08 

i 8.07 

1 8.28 

8.00 

Polarization 

12.25 

! 14.67 

13.72 

12.67 

13.12 

Percent Fiber 

13,28 

1 11.82 

12.40 

1 13.ii8 

12.80 

Purity 1st Expressed J uice . . . 

I 87.18 1 

i 87.37 

85.46 

i 84.07 

86.22 

Quality Eatio 

1922 

! 8.98 ! 

i 7.51 

1 

8.11 

j 8.7G 

8.41 

Polarization 

12.07 

1 13.95 

13.61 

' 13.03 

12.97 

Percent Fiber 

i 13.16 

! 12,38 

12.88 

13.22 

12.95 

Purity 1st Expressed Juice. . , 

j 87.17 

87.88 

i 86.18 

! 85.80 

86.84 

Quality Eatio 

1923 

j 9.19 

1 

7.75 

8.04 

: 8.36 

1 

8.45 

Polarization 

12.09 

13.61 

12.99 

12,94 

12.78 

Percent Fiber 

1 13.14 

12.01 

12.86 

12.99 

12.82 

Purity Ist Expressed Juice. . . 

1 87.61 

88.65 

85.52 

86.58 

87.05 

Quality Eatio 

1924 

j 9.12 

7.91 

8.50 

8.42 

8.57 

Polarization 

12.44 

14.34 

13.48 

13.34 

13.26 

Percent Fiber 

12.99 

12,16 

12.72 

12.94 

12.74 

Purity Ist Expressed Juice . . . 

87.98 

89.19 

87.02 

87.31 

87.86 

Quality Eatio 

8.86 

7.58 

8.16 

8.12 

8.25 
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Varieties of Cane 


Varieties ground to the extent of 1 per cent or more of the total crop are 
included in Table 1. D 117 no longer appears, as the tonnage of this variety has 
dropped to less than 1 per cent of the total crop. Yellow and Striped Tip are 
tabulated in separate columns instead of together as in previous years. This 
table shows .the proportion of the major varieties ground at each factory. 
Averages fof-the previous six years are included. 

For the first time in many years, Yellow Caledonia has been displaced as the 
leading variety in tonnage ground. The proportion of H 109 exceeds Yellow 
Caledonia this year to approximately the same extent that Caledonia exceeded. 
H 109 in 1923. The proportion of Lahaina is but little more than a half of what 
it was a year ago. This once important variety now amounts to but 4.4 per cent 
of the crop. . It is interesting to note that the proportions of H 109 and Lahaina 
in 1918 and 1924 are almost exactly reversed. Taking into consideration the 
biennial nature of the crop, D 1135 and Striped Mexican are about holding their 
own. The proportion of the Tip canes is the same as in 1922. The proportion of 
Rose Bamboo has been steadily decreasing during the last three years. 

Minor varieties making i^p 1 per cent or more of the crop of any one planta- 
tion were ground to the following extent : 


Variety 

H 146 

D 117 

Badila 

White Bamboo 

Uba 

Yellow Bamboo 


Per Cent of Total Crop 
.51 
.49 
.46 
.11 
.03 
.02 


Total 1.62 

H 227 and H 20 were in this classification last year. None of the former 
was reported this season. H 20 was ground to a slightly greater extent than Uba 
but did not make up 1 per cent of the crop at any plantation. Of the varieties 
listed above, H 146, D 117 and Yellow Bamboo have decreased considerably in 
comparison with last year. Badila has increased materially, the proportion last 
year being only .13 per cent. Uba appears in this classification for the first time. 

Quality of Cane 

Table 2 contains data on quality of cane by Islands and for the whole group 
for the past ten years. Quality ratios have been included this year to facilitate 
cot^fiparisons. 

Last year the quality of the cane had improved slightly over that of the two 
previous seasons. This year a material further improvement has taken place. 
The quality ratio has decreased frtmi 8.57 to 8.25. On Oahu the quaH^ the 
best since 1922, on Maui since 1921, on Hawaii since 1920 and on Kauai since 
191 % The average quahty k any year since 1920. As is usually 
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TABLE NO. 3. 

True Averages of All Factories Except Those Now Using the Petree Process. 



1922 

1923 

1924 , 

Cane — 

Polarization 

12.77 

12.66 

13.08 

Fiber 

1 13.03 

12.91 

12.82 

Tons per ton sugar 

1 8.76 

8.68 

8.40 

Bagasse — 




Polarization 

1 1.71 

1 . 53 

1.52 

Moisture 

I 41.31 

41.29 

41 .26 

Fiber 

i 56.23 

56.48 

56.74 

Polarization per cent cane 

; 0.40 

0.35 

0.34 

Polarization jjer cent polarization of cane 

! 3.11 

2.76 

2.63 

Milling loss 

i 3.05 

2.71 

2.68 

Weight per cent cane 

! 23.16 

22.84 

22.59 

First Expressed Juice — 



t 

! 

Brix 

18.23 

17.99 

! 18.34 

Polarization 

15.79 

15.61 

j 16.07 

Purity 

' 86.58 

i 86.77 

87.61 

^Mava ratio 

80.9 

81.1 

i 81.4 

Mixed Juice — 




Brix 

13.26 

13.11 

' 13.37 

Polarization 

11.07 

11.00 

i 11.31 

Purity 

i 83.50 

I 83.87 

84.56 

Weight per cent cane 

111.65 

111.95 

I 112.66 

Polarization per cent cane 

12.38 

12.31 

1 12.74 

Extraction 

96.89 

i 97.24 

97.37 

Extraction ratio 

0.24 

i 0.21 

i 0.21 

Last Expressed Juice — : i 

Polarization 

1.96 

1 1.73 

1.84 

Purity 

68.66 

68.48 

71.73 

Maceration i)er cent cane 

34.99 

34.79 ! 

35.30 

Syrup — 


: 1 


Brix 

63.11 

63.33 

63.18 

Purity 

84.81 

85 40 i 

86.02 

Increase in purity 

1.31 

1.53 

1.46 

Press Cake — 




Polarization 

1.96 i 

2.20 

i 2.16 

Weiglit per cent cane 

2.49 

2.45 

2.45 

Polarization per cent cane 

0.05 

0.05 i 

1 0.05 

Polarization jjer cent polarization of cane 

0.38 

0.43 

0.40 

Lime used per cent cane 

0.081 

0.085 

; 0.086 

Commercial Sugar — 



i 

Polarization 

96.88 

96.88 

I 97.20 

Moisture 

0.85 

0.80 

0.73 

Weight per cent cane 

11.41 

11.53 

11.91 

Polarization per cent cane 

11.06 

11.17 

11.58 

Polarization per cent polarization of cane 

86.94 

88.37 

88.76 

Polarization per cent jmlarization of juice 

89.69 

90.86 

91.16 

Final Molasses — ; 




Weight per cent cane j 

3.14 

2.96 

2.83 

Sucrose per cent cane ' 

1.07 

0.99 

0.97 

Sucrose per cent polarization of cane 

8.33 

7.79 

7.45 

Sucrose per cent polarization of juice 

8.60 

8.01 

7.65 

Gravity solids j 

87.94 

88.54 

89.08 

Gravity purity j 

38.60 

37.68 

37.81 

Undetermined Losses — ! 




Polarization per cent cane 

0.21 

0.11 

0.14 

Polarization per cent polarization of cane | 

1,28 

0.65 

0.76 
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the case, the cane is best on Maui and poorest on Hawaii. It is of practically 
the same quality on Oahu and Kauai, a slight difference of .04 in quality ratio 
being in favor of Kauai. 

A most satisfactory development is improvement in juice purity. The aver- 
age purity of the first expressed juice is better than in any year since 1917. This 
is also true of MCui and Hawaii. On Oahu the purity is better than in any year 
since 1916, while on Kauai it is necessary to go back to 1914 to find better first 
expressed juice purity. On the basis of first expressed juice purity, the Islands 
rank as follows : Maui, Hawaii, Kauai and Oahu. 

The average fiber is lower than in the preceding three seasons. For a num- 
ber of years there has been a consistent tendency toward lower fiber on Hawaii. 
The figure reported this year is lower than in any year since 1910. On Maui 
the tendency is tovvard higher fiber. With the exception of 1922, the fiber re- 
ported from Maui is the highest on record. On Oahu the fiber was lower than 
in the preceding two seasons and on Kauai, lower than in the preceding three. 

Milling 

An interesting feature of the milling work this year is the increased grinding 
rate. Average grinding rates for the last five years are in the following tabulation. 
This figure is the total tons of cane ground divided by the total hours grinding. 
Average tons pressure per linear foot of roller for the last three years are also 
included. Two-roller crushers have not been included in the calculation: 

Tons Pressure per 

Tons Cane per Hour Linear Foot of Roller 


1920 39.34 

1921 36.58 

1922 39.93 65.2 

1923 42.03 66.2 

1924 43.63 66.9 


Grinding rates have increased each year since 1921, the total increase amount- 
ing to 19 per cent. The increase over last year is 1.6 tons per hour. The increase 
has been quite general, but three factories reporting decreases of one ton 
or more per hour. Pressure per foot of roller has also s'eadily increased in the 
years for which figures are available. 

Water added per cent cane has decreased from 35.12 to 34.90. The water 
actually applied per hour has increased slightly (3 per cent), due to the increased 
grinding rate. With the single exception of 1922, water added per cent cane has 
been lower than in any year since 1914. At factories that do not use the Petree 
process, maceration increased from 34.79 to 35.3 per cent. 

Comparison of averages for all factories with corresponding 1923 figures dis- 
closes the following : Milling loss, or parts of sugar lost in bagasse per hundred 
parts of fiber in bagask has ihcreased from 2.76 to 2.78, while extraction ratio, 
or the I’atio of per cent unextracted sucrose to fiber in cane, has decreased from 
.22 ;to .21. Bagasse increased .01 in polarization and .02 in moisture. With 
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higher polarization and moisture, lower fiber in bagasse might be expected. On 
the contrary the fiber has increased .01. This is due to an increase in residual 
juice purity, that is, a reduction in the soluble impurities in the juice remaining 
in the bagasse. Taking all these factors into consideration, the quality of the 
milling work very closely approximates that of last season, notwithstanding the 
higher grinding rate and decreased maceration. 

Due to higher polarization and lower fiber in cane, the extraction is .10 higher 
than last year. Figures for the Pctree process have increased the average figure 
by possibly ,03 above what it should be. Deducting this from the average gives 
a figure identical with that of 1919, between .10 and .15 lower than in 1920 and 
1921, and higher than in other years. 

At factories that are not using the Petree process (Table 3), in comparison 
with last year, bagasse polarization has decreased 0.01 and bagasse moisture .03, 
while bagasse fiber has increased .26. Milling loss has decreased .03. Extraction 
ratio has decreased from .214 to .205, though the decrease is not apparent in the 
table where the figures are carried to two decimal places only. Extraction has 
increased .13. At these factories the milling work is better than in 1923 or 1922. 
As previously pointed out comparisons with years previous to 1922 are unsatis- 
factory, but as nearly as the figures can be interpreted, milling work at these 
factories is as good as in any previous season. It is quite probable that except 
for the Petree process, milling work as a whole would have been equal to that 
of any previous year, notwithstanding the increased grinding rate. 

The difference in purity between first expressed juice and mixed juice, as 
shown l)y figures in Table 3, has increased from 2.90 to 3.05. While a number 
of factors can influence this difference, the amount of field trash and deteriora- 
tion in the mill are probably the most important. So far as this difference can be 
accepted as an indication of the amount of field trash and deterioration the indi- 
cations are that conditions with respect to one or both of these factors have been 
less favorable than last year. A peculiarity of the data this year is that althougli 
the purity difference between first expressed and mixed juice purity is greater 
than last year the difference between first expressed and last expressed juice 
puritj has decreased from 18.74 to 16.24. 

No factory has quite equalled the previous record of 1.09 in milling loss 
established by Onomea and Hakalau last year, nor has any factory equalled the 
record for extraction (99.07) es:ablished by Hawaiian Commercial and Sugar 
Company in 1921, Waimanalo has equalled the previous low mark in extraction 
ratio made by Hawaiian Commercial and Sugar Company in 1921. 

The principal changes in milling machinery have been : increasing the milling 
plant at Kekaha to a fifteen-roller mill and crusher by installing two three-roller 
units, and installing a three-roller in place of a two-roller crusher at Honomu. The 
three-roller crusher and nine-roller mill at Waimanalo may be considered a new 
installation so far as Synopsis figures are concerned, for though operated for two 
seasons, the previous year’s figures were not in the Synopsis. 

Reference to Table 4 in which the factories are listed in the order of the size 
of the milling loss shows that improved work has been secured from these in- 
stallations. Waimanalo is in second place with 98.87 extraction and 1.12 milling 
loss. Milling data have not been reported previously from this factory, but un- 
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doubtedly it was close to, if not at the foot of the list. Kekaha has advanced from 
thiriy-fburth place last year to fifth this year with 1.72 milling loss and 98.48 
extraction. Honomu has advanced from seventeenth to sixth place with 1.77 
milling loss and 98.27 extraction. 

Seven factories report milling losses under 2.0 against five in 1923 and four 
in 1922. Nine report over 98.0 extraction against five in each of the two preced- 
ing years. This equals the previous record, for number of factories under 2.0 in 
milling loss made in 1920. The same number of factories (9), reported better 
than 98.0 extraction both in 1920 and 1921. 

On the basis of milling loss Onomea is first, with Waimanalo second, and 
Hakalau third. There is little difference between these three leading factories, 
the figures for milling loss being respectively 1.11, 1.12 and 1.14. Indeed, which 
of the three is in first place depends on whether milling loss, extraction ratio or 
extraction is the basis of comparison. 

Comparisons of Table 4 with corresponding tables in the previous Synopsis 
show many changes in relative rank. In addition to the previously mentioned 
improvements in relative standing due to the installation of new machinery, the 
following factories have^ improved their standing to the extent of 5 points 
or more: Honolulu (33-23), McBryde (25-18), Kahuku (22-16), Ewa (18-13) 
and Wailuku (13-8). Factories that have dropped in relative rank to the extent 
of 5 points or more are: Waimea (15-28), Maui Agricultural (19-31), Oahu 
(10-21), Waialua (21-30), Lihue (7-14), Makee (8-15), Kilauea (12-19), Ha- 
makua (6-12), Hawaiian Agricultural (14-20), Waiakea (31-37) and Laupa- 
hoehoe (24-29). 

The fact that three of the first nine mills in Table 4 are three-roller crushers 
and nine-roller mills, while one is in second place, draws attention to the efficient 
work secured from modern three-roller crushers. An extraction of 75 per cent 
of the total juice is not particularly high for a three-roller crusher working under 
reasonably favorable conditions, while securing 50 per cent of the total juice is 
excellent work with two-roller equipment. Eight installations are classed in this 
Synopsis as three-roller crushers. Two of these are not properly grooved and 
can hardly be considered modern three-roller crushers. At a third installation, 
Petree process settlings are returned to the mill. The remaining five three-roller 
crusher installations are all in the first half of Table 4. In each case the three- 
roller crusher is a material factor in the results secured. There is little doubt 
that comparisons of two and three-roller crushers, taking into consideration 
fixed charges, operating expenses and the results secured, are considerably in 
favor of the three-roller type. There are a number of factories without a crusher 
where substituting properly grooved crusher rollers for the rollers now in the 
first mill, would bring about a material improvement in the work. 

It might also be noted that the Waimanalo factory is equipped with Meinecke 
chutes. The excellent milling work at this factory should dispose of any doubts 
that may have existed as to the possibility of securing excellent results with this 
type of intermediate conveyor. 
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TABLE NO. 4— MILLING BESULT8. 

Showing the Bank of the Factories on the Basis of Milling Loss. 


Factory 

Milling 

Loss 

Extrac- 

tion 

Ratio 

Extrac- 

tion 

Equipment 

1. 

Onomea 

1.11 

0.09 

98.89 

2BC60,854,12BM66 

2. 

Waimaiialo 

1.12 

0.08 

98.87 

K,3RC54,9BM54 

3. 

Hakalau 

1 . 14 

0.09 

98.90 

2RC60,12RM9-60,3-66 

4. 

Hilo 

1.22 

0.10 

98.60 

K,2RC60,12RM66 

5. 

Kekaha 

1.72 

0.12 

98.48 

2KC54,15RM60 

6. 

Hoiiomu 

1.77 

0.14 

98.27 

3Bf;()0,9EMC0 

7. 

Pe[)eekc*o 

1.84 

0.15 

98.21 

2BC54,9BM60 

8. 

Waihiku 

2.04 

0.15 

98.07 

K,2RC72,12RM78 

9. 

01 0 wain 

2.05 

0.16 

97.99 

K,3RC48,9RM48 

10. 

Pa au hail 

2.27 

0.19 

97.51 

2BC60,12BM66 

11. 

Pioneer 

2.32 

0.16 

98.06 

K,2RC72,S72,15RM72 

12. 

Haiiiakua 

2.32 

0.19 

97.36 

K,2RC60,12RM60 

13. 

Ewa 

2.36 

; 0.18 

97.73 

iK(2),2RC78,18RM78 

14. 

Li hue 

2.36 

i 0.19 

97.62 

K,2RC78,S72,12RM78 

10. 

Makee 

2.56 

0.21 

97.16 

2RC72,872,9RM72 

16. 

Kahukii 

2.65 

0.21 

96.63 

2RC60,S54,9RM72 

17. 

Haw. Sug 

2.69 

0.18 

97.81 

! K,2RC72,S72,12RM78 

18. 

McBryde 

2.81 

0.1>0 

97.11 

K,2RC72,S72,9RM84 

19. 

Kilauea 

2.82 

0.23 

96.77 

K,S,3RC60,9RM60 

20. 

Haw. Agr 

! 2.88 

' 0.24 

96.86 

3RC60,12RM66 

21, 

Oahu 

2,89 

0.20 

97.51 

K(2), 2RC78(2), 872(2), 12RM78(2) 

22. 

Koloa 

2.98 

0.23 

96.83 

K,2RC60,12RM66 

23 ! 

Honolulu 

3.07 

0.22 

97.45 

K(2),S54,2RC78,9RM78 

24. 

Hutchinson 

3.07 

0.26 

96.88 

2RC60,9RM60 

25. 

Waiaiiae 

3.10 

0.23 

: 96.88 

^ K(2),12RM60 

26. 

Ola a 

3.16 

0.24 

96,89 

|k,872,12RM78 

27. 

Hoiiokaa 

3.18 

0.28 

96.49 

! K(2),2RC66,12RM66 

28. 

Waiinea 

3 . 26 

0.24 

97.07 

|2RC48,12RM42 

29. 

Laupahoehoe 

3.27 

0 . 25 

! 96.72 

K,2RC60,9RM60 

30. 

Waialua 

3.36 

i 0.25 

j 96.71 

jK(2),2RC78,12RM78 

31. 

Maui Agr 

3.41 

1 0.23 

97,33 

iK(2),3R066,18RM66 

32. 

Kaiwiki 

3.44 

1 0.27 

96.35 

1 K,2RC60,9RM60 

33. 

Kohala 

3.55 

0.28 

96.39 

|K(2),3RC60,9KM60 

34. 

H. C. & S. Co 

3 . 72 

0.26 

96.92 

iK(4),2RC78(2), 872(2), 12RM78(2) 

35. 

Kaeleku 

4 . 15 

1 0.35 i 

95.04 

j K,2RC54,9RM60 

36. 

1 

Hawi 

4.34 

0.32 

95.90 

! K(2),3RC48,12RM3-48,9-54 

37. 

Waiakea 1 

4.34 

0.33 

95.27 

i K,2BC60,9RM60 

38. 

Halawa 

5.77 

0.48 

93.35 

K,2RC60,6RM50 

39. 

Union Mill 

6.59 

0.52 

92.87 

K,9BM60 

40. 

Niulii 

7.53 

0.63 

91.37 i 

1 K,9RM54 
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Extra Fuel 

Available data are not sufficiently complete to attempt an at all complete 
analysis of figures for extra fuel Fifteen factories, the same number as last 
year, report the use of extra fuel in greater amounts than should be required for 
starting up or be occasioned by unexpected delays. 

Two factories, Pioneer and Hawaiian Commercial and Sugar Company, accu- 
mulated large surpluses of bagasse. The latter, a Petree process factory, accu- 
mulated a very large surplus. Maui Agricultural Company, another Petree proc- 
ess factory, made a large reduction in the amount of extra fuel burned in com- 
parison with last year. Waialua and Oahu also report material reductions in the 
extra fuel requirement. 

The writer would repeat the comment made in previous Synopses : that under 
Hawaiian conditions, with a sufficient supply of cane to grind at a reasonable 
capacity and with suitable equipment and proper operation, the bagasse, particu- 
larly when supplemented with molasses, should furnish sufficient fuel to maintain 
a high quality of work. Frequently material improvements in fuerconditions 
can be secured through comparatively nnnor changes in equipment and operating 
practice. In some cases hoi\vever, installations are faulty to the extent that a 
satisfactory solution of the fuel problem is an extensive undertaking. 

Chemical Control and Sucrose Balances 

The number of factories reporting the more reliable sucrose figures has in- 
creased fairly consistently from year to year. Twenty-five factories have re- 
ported sucrose figures, an increase of two over last year. One consideration 
rendering sucrose figures particularly desirable is the more accurate figure for 
undetermined loss. On a polarization basis this is from .5 to 1.0 per cent lower 
than it should be; a factor frequently lost sight of when considering operating 
data. 

Gravity solids and sucrose balances for factories reporting sucrose figures 
are in Table 5. Where suspended solids in mixed juice has not been reported, it 
has been estimated at .25 per cent in calculating these balances. 

Apparent boiling house recoveries are in Table 6. These are based on polari- 
zation. It is necessary in making the calculations to estimate gravity purities 
from the apparent purities. The factors indicated in the footnote accompanying 
the table, which are approximately the average differences between apparent and 
gravity purities for factories reporting both, are used for this purpose. Plus or 
minus one per cent in the figure for recovery on available covers the probable 
error due to estimating gravity purities in this way. True boiling house recov- 
eries on a sucrose basis, for factories reporting necessary data, are in Table 7. 
Tables 6 and 7 are to a large extent a check on the accuracy of chemical control, 
though low figures may also indicate losses in addition to the losses reported 
in press cake and molasses. These calculations have been very useful for dis- 
closing inaccuracies in estimating the amount of juice entering the boiling house, 
which were common when the control was based largely on juice measurements, 
Nqw that all but four factories weigh the mixed Juice, serious errors in estimat- 
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ing the amount of juice entering the boiling house aVe not frequent. Also with 
the general improvement in the quality of the laboratory work there is little doubt 
but that syrup, sugar and molasses purities are more accurately determined than 
in former years. In the last two or three years there has been a material change 
in clarification practice, resulting in smaller losses through inversion because of 
more alkaline juices. With this change, an increased number of factories report 
over 100 cent recovery on the calculated available. Among these are factories 
at, whicF^ere is reason to believe that juice weights, and syrup, sugar and 
molasses purities are determined with a high degree of accuracy. Until the last 
two or three years we have been inclined to accept the calculated available as the 
maximum obtainable under the given purity conditions, particularly with calcula- 
tions on a sucrose basis. Critical examination of our control methods indicates 
the following small discrepancies : 

1. Solids in the sugar are determined by drying. This gives total solids. 
The purity of the sugar as so determined is slightly higher than the gravity 
purity. 

2. There is a plus error in the method for determining the gravity purity of 
final molasses due to the lead precipitate, amounting to between .5 and 1.0 per 
cent. This error has been corrected in the new methods adopted by the Asso- 
ciation of Hawaiian Sugar Technologists. 

3. Another factor causing a plus error in determinings the gravity purity 
of the molasses is the relative concentration of non-sugars in the solutions in 
which the brix of the molasses and syrup is determined. Gur methods specify 
approximately the density of the mixed juice for both determinatipns. At equal 
densities the non-sugar concentration is higher in the molasses and as a result 
the gravity solids determination is relatively low. The molasses would have to 
be analyzed at concentration between 2 and 2.5 Brix for the gravity solids deter- 
mination to be strictly comparable with the gravity solids determination in the 
syrup. It is not practicable to use such a dilute solution when analyzing the 
molasses. The difficulty could be avoided by determining solids by drying, but 
this is also hardly practicable under present conditions. 

4. Some volatilization of solids takes place during boiling operations. 

Individually these discrepancies are not large. Unfortunately all are in the 

same direction, tending to make the calculated “available’' smaller than it should 
be. Present information does not permit us to closely estimate the combined 
effect of these discrepancies. It seems probable, however, that 100 per cent of, 
or even slightly more than the calculated available, can be recovered in a well 
conducted factory. Notwithstanding the above discrepancies the calculations in 
Tables 6 and 7 are useful checks on the control, but it is necessary to bear in 
mind that the "‘available” as calculated is slightly less than the theoretically 
available. 

Two factories have reported more than 101 per cent recovery on available, 
accordihg to figures in Table 6. It may or may not be significant that these two 
factories were the two lowest in gratify purity of finah molasses ; a condition that 
would accentuate No. 3 of the factors mentioned above. Sucrose figures would 
hav^ helped somewhat in deciding whether or not the high recoveries on available 
these factories were due to errors in the control. In the absence of sucrose 
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TABLE NO. 6 

APPARENT BOILING-HOUSE RECOVERY 

Comparing percent available sucrose in the syrup (calculated by formula) with percent 

polarization actually obtained. 


Factory 

Available * 

Obtained 

Recovery 

on 

Available 

H. C. & S. Co 

93.20 

93.97 

100.8 

Oahu 

91.79 

92.02 1 

100.3 j 

Ewa 

92.03 

91.49 

99.4 

Waialua 

90.81 

91.39 

100.6 

Pioneer 

92.79 

92.45 

99.6 

Olaa 

92.10 

92.66 

100.6 

Haw. Sug 

93.85 

94.57 

100.8 

Maui Agr 

92.26 

92.03 1 

99.8 ; 

Ononiea 

93.03 

92.08 

99.0 ; 

Lihue 

90.96 

92.37 

101.6 

Hatv. Agr 

92.75 

89.71 

96.7 i 

Hakalau 

92.38 

93.17 

100.1^ 

Kekalia 

91.17 

91.14 

100.0 

Hilo 

91.29 

91.74 

100.5 ! 

Wailuku 

92.50 

92.53 

100.0 1 

McBrycle 

92.35 

92.f5 

99.7 

Makee 

90.08 

89.82 

99.7 

Honokaa 

90.65 

90.86 

100.2 i 

Laupahoelioe i 

i 92.43 

91.26 

98.7 ! 

Pepcekeo 

1 93.17 

92.41 

99.2 , 

Haniakua 

90.07 

89.03 

98.8 1 

Kahuku 

90.76 

91.87 

101.2 

Paauhau 

91.80 

90.70 j 

98.8 1 

Honomu 

92.62 

92.55 

99.9 i 

Koloa 

88.90 

87.61 

98.5 

Waiakea 

91.90 

91.60 ’ 

99.7 

Hutchinson 

89.81 ' 

89.99 

100.2 

Hawi 

92.89 

89.17 

96.0 

Waianae 

88.41 

86.50 

97.8 

Kaiwiki 

92.45 

91.32 

98.8 

Kohala ! 

91.69 

91.02 

99.3 

Kilauea i 

89.89 

89.28 

99.3 

Kaeloku 

89.32 

90.24 

101.0 

Waimanalo 

90.11 

90.13 

100.0 

Halawa 

90.88 

90.82 

99.9 

Union Mill 

90.72 

90.86 

100.2 

Waimea 

90.99 

85.09 

93.5 

Olowalu 

89,29 

83.65 

93.7 

Niulii 

90.48 

90.85 

100.4 


♦ In order to calculate the available sucroae it is necessary to estimate the gravity purity of the 
syrup and sugar. Data from factories determining both apparent and gravity purities indicate that the 
average correction necessary Is the addition of 0.8 to the apparent purity of the syrup and 0.8 to the 
apparent purity of the sugar. One factory did not report moisture in sugar or gravity purity of 
molasses. In this ease 1 % and 88 have been used, 
t Sucrose 
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TABLE KO. 7 

TRUE BOILINO-HOUSE BECGVERy 
Comparing percent sueroae available and recovered 


1 • 

Factory 

Available 

Obtained 

% Recovery 
on 

Available 

0 

H. C. & S. Co. 

93.35 

93.28 

99.9 

Oaliu 

91.79 

91.98 


Ewa 

92.17 

90.65 

98.4 

Waialua 

90.95 

90.44 

28.4 

Pioneer 

92.87 

91.88 

98.9 

Haw. Sug. 

93.73 

93.95 


M^ili Agr 

92.26 

92.00 

99.7 

Onoinea 

92.85 

91.79 

98.9 

Haw. Agr 

93.28 

88.78 

95.2 

Hakalau 

92.33 

92.90 


Hilc 

90.97 

91.77 


Wailnku 

92.40 

91.97 

99.5 ' 

McBryde 

92.42 

91.27 

98.8 

Makee 

; 90.13 

89.07 

98.8 

IXonokaa ' 

90.57 

90.56 


Laupahoehoe 

92.43 

91.09 

98^5 

Pepeekeo 

93.08 

92.09 

98.9 

Hamakua 

90.01 

88.50 

98.3 

Paauliau 

91.78 

90.48 

98.6 

Honomu 

92.63 

92.18 

99.5 

Waiakea 

91.62 

91.16 

99.5 

Hutchinson 

89.77 

89.36 

99.5 

Kilauea 

89.26 

88.89 

99.6 

Waimanalo 

90.17 

89.62 

99.4 

Union Mill 

90.71 

90.47 

99.7 


TABLE NO. 8 

PERCENT MOLASSES PRODUCED ON THEORETICAL 


IL C. & S. Co 

97.2 

Tjanpahoehoe 




Oahu 

91.3 

Pepeekeo 

Ewa 

86.2 

Hamakua 

Waialua 

83,3 

Kabuku 

Pioneer 

90.7 

Paauhau 

Olaa 

88.3 

Honomu 

Haw. Sug. 

98.5 

Koloa 

Ononiea 

90.7 

Waiakea 

Lihue 

84.5 

Hutchinson 

Haw. Agr 

91.8 

Hawi 

Hakalau 

87.9 

Kaiwiki 

ICekaba 

92.4 

Kohala 

Hilo ............... .......... 

90.3 

Kilauea 

Wailuku'.... 

92.1 

Kaelek'u ..................... 

McBryde . ................... 

99*9 

Waimanalo 

Makee 

86,1 

Union Mill . . . . ^ . . . . . . . ... 

Honokaa . .... . . . ... , . ... .... 

89.6 

Olowalu . ........... , . - ... » 




F7 


79.2 

81.0 

93.1 

87.7 

95.2 

93.9 

78.9 

91.0 

88.4 
120.7 

101.0 

86.4 

84.8 

77.1 

88.1 


93.2 

79.8 
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figures, these factories have not been included in Table 9, following former prac- 
tice of omitting factories with over 101 per cent recovery on available in Table 6. 

Boiling House Work 

Clarification: The increase in purity from mixed juice to syrup for the 
factories averaged in Table 3 is 1.46 against 1.53 last year, a difference of .07. 
On this basis, the clarification is not quite as satisfactory as last year. With the 
exception of last year, however, the increase is better than in any year since 1919. 
Belter increases in purity were secured at but 13 out of 36 factories reporting 
data necessary for a comparison. No decreases in purity have been reported in 
the last three years, though previously some decreases were almost invariably 
reported. 

The average figure for lime used in all factories has decreased from .087 to 
.086. The decrease is largely on account of reductions at two of the Petree 
process factories. At the other factories (Table 3), lime used has increased 
.001 per cent. Changes in the amount used at individual factories are with few 
exceptions, small. 

Information on the reaction, or changes in the reaction at which the clari- 
fication is conducted is desirable for judging to what extent results indicated by 
experimental work are secured in practice. At present the chemical control does 
not include determining reactions. The only information available on this point 
is the figure for the amount of lime used. This figure at best, is not particu- 
larly satisfactory. Both available CaO and the amount of CaO required to bring 
different juices to the most desirable reaction vary greatly. However, it is prob- 
able that these two factors are sufficienily equalized in the yearly average for all 
factories, to render figures for lime used reasonably satisfactory were it not for a 
third factor: the proportion of lime used in the settlings. This does seriously 
interfere with estimating changes in the reaction at which the clarification was 
conducted from changes in the amount of lime used. To illustrate the effect of 
this factor, let us take two cases. In one the juice is clarified with the amount 
of lime giving the largest increase in purity and no lime is used in the settlings. 
In the second case, with the same juice, the same total amount of lime is used, 
but a considerable proportion of the lime is added to the settlings. In the second 
case, the lime in the hot, strongly alkaline settlings reacts with insoluble organic 
matter. This neutralizes a part of the lime and adds to the soluble impurities in 
the juice. A further loss of lime, so far as its effect on clarification is concerned, 
takes place in the strongly alkaline press cake. In the second case, the clarifica- 
tion will be less alkaline even though the alkaline press juice is returned to the 
mixed juice. The increase in purity will be smaller, not only because the 
alkalinity will be below the most favorable point, but also because of organic 
matter dissolved by the lime. 

In the last few years comparatively few factories have reported lime used 
in juice and in settlings separately, so we cannot judge from figures in the Synopsis 
whether more or less lime is now being used in the settlings. The writer would 
strongly recommend reporting lime used in settlings separately, as was the general 
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practice a few years back, for with the attention now given to clarificition, this 
inform^ition is quite important. 

But few factories can lime the juice at all times to the point where the maxi- 
mum increase in purity is secured on account of the increase \n the volume of 
settlings. An average liming is below the optimum point and as there has been 
an increase, though a small one, in the amount of lime used, a largj^ rather than 
a smaller increase in purity from mixed juice to syrup might be expected. 
Analysis of figures, for individual factories does not disclose why the larger in- 
crease has not been secured. As just pointed out, however, the figures are in- 
complete as that they do not show changes in lime used in the settlings. A 
material increase in the amount of lime so used would account for the smaller 
increase in purity, for in this case, notwiihstanding the slightly greater amount 
of lime used, the clarification would actually be less alkaline. There are some 
indications, that this may have been the case. Increased grinding rate has prob- 
ably necessitated a reduction in the volume of settlings to keep within the capacity 
of the filter presses. A reduction in the volume of settlings under otherwise equal ' 
conditions means a less alkaline clarification. Also in the last year or two it 
has been necessary at many factories to increase the lime in the settlings in order 
to handle the increased volqme resulting from alkaline clarification with available 
filtration equipment. It is not unreasonable to suppose that, operating ^ a higher 
capacity this year, this tendency has continued. The increase in undetermined 
loss from .65 to .76 is also to some extent an indication of a less alkaline clarifica- 
tion, for the benefit of the change in clarification practice has been as much in 
decreased undetermined losses due to reduced losses through inversion as to the 
additional increase in purity secured in clarification. 

The above discussion of results obtained in clarification has necessarily been 
with reference to averages for factories that do not use the Petree process 
(Table 3). Comparisons of the decrease in purity from first expressed juice to 
syrup can be made on the basis of averages for all factories. This figure rep- 
resents the combined effect of conditions during milling and during clarification. 
Figures for this purity difference for the last few years follow : 


Purity Difference 

Year First Expressed Juice to Syrup 

1921 2.32 

1922 1.88 

1923 . 1.40 

1924 , 1.54 


Averages for this decrease in purity are available as far back as 1914. The 
1923 figure 1.40, is the same as the previous minimum figures in the years 1914 
afid 1918. This year’s decrease, 1.54, is .14 larger than last year. It is, how- 
ever, smaller than in 6 of the preceding ten years. Responsibility for the larger 
decrease is probably about equally divided between clarificatipn and conditions at 


the mill. 

This year’s syrup purity, 86.32, is higher than in any year since 1917. Had 
the deerease in purity from first expressed juice to syrup been as small as it was 
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last year, the syrup purity would have been 86.46, a figure higher than in any 
year since 1915. 

Filter Presses: Filter press operation was slightly more satisfactory than in 
the previous year. The quantity of press cake, .45 per cent, remains the same. 
The polarization was reduced from 2.20 to 2.16, reducing the loss in press cake 
per cent polarization of cane from .43 to .40. 

Evaporation: The brix of the syrup, 63.32, is slightly better than last year. 
While slightly lower than in 1922, it is better than in other years for which we 
have a record. The amount of water evaporated per unit of time is some 3 per 
cent higher than last year. Water evaporated per cent mixed juice, however, is 
slightly lower due to higher juice densities. 

Conimercial Stii^ar: The average polarization of the sugar has increased 
from 96.90 to 97.18. This polarization is higher than in other years for which 
we have a record, except 1910, 1911 and 1912. The highest polarization on 
record was 97.55 in 1911. The increase of .28 in sugar polarization, at this 
year’s syrup and molasses purities, is equivalent to a reduction of approximately 
.15 in recovery. This does not mean that less “available” sucrose is recovered 
with higher polarizations. Rather, the reduction in recovery corresponds to the 
smaller amount of molasses retained in the commercial sugar. 

Moisture in the sugar has decreased from .83 to .75 per cent, or slightly 
more than in proportion to the increase in polarization, reducing the deterioration 
factor from .268 to .265. The latter figure is still slightly high in comparison 
with .25 which we consider the safe point. 

Loiv Grade: Higher juice purities have tended to decrease the duty required 
of low grade equipment, while higher polarizing sugar and higher grinding rate 
have tended to increase it. The net efifect has been an increase of from 10 to 12 
per cent in the duty imposed on this equipment. The final molasses purity has in- 
creased from 37.90, the previous low point reached a year ago, to 38.16. The 
increase is without doubt largely on account of the extra work required of the 
low grade centrifugals. Notwithstanding higher molasses purity the influence of 
higher syrup purity has been sufficient to reduce the loss of sucrose in molasses 
per cent polarization of cane from 7.58 to 7.41. These are the lowest figures for 
loss in molasses since 1919. 

Kahuku reports an average gravity purity for the season of 33.09, establish- 
ing a new record for molasses purity. The previous record, 33.16, was made 
by the same factory last year. 

Table 8, showing the percentage of molasses on the theoretical, is largely a 
check on the chemical control. As in previous Synopses, the theoretical has been 
assumed to be gravity solids in the syrup minus gravity solids in the sugar. On 
this basis the difference between 100 and the molasses produced on the theoretical 
represents the “apparent” loss of gravity solids. All of this, however, is not a 
real loss of solids, a part of the apparent loss being caused by one of the factors 
(No. 3), discussed on a previous page, which influence the calculations in Tables 
6 and 7. 


11 
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Applying this calculation to averages for the past four years gives the fol- 
lowing figures: 

Molasses Produced 
on Theoretical 

87.2 

86.3 
90.9 
90.8 

Average . 88.8 

This table was first included in the Synopsis to call attention to the wide dis- 
crepancy in molasses figures reported from some factories. Since then there has 
been a tendency toward more consistent figures. While definite information is 
not available as to the range which should include figures for molasses produced 
on the theoretical as calculated above, it would appear that five points on each 
side of the average in the above tabulation should be sufficiently wide to include 
nearly if not all the correct figures. Certainly some of the figures in Table 8 
are far enough outside this range to strongly indicate errors in the control. 

Recoveries 

Boiling house recovery in comparison with last season has increased from 
91.28 to 91.39, an improvement of .11. The average for this year is higher than 
in any year since 1911. The total recovery, or recovery per cent polarization of 
cane, 88.94, is .17 higher than the previous high point reached last 

The improvement in comparison with 1923 is to be credited to the improve- 
ment in the quality of the cane rather than to better factory work. On the basis 
of last years work, higher juice purity this year would have increased the total 
recovery .64. However, the increase in .sugar polari 25 ation is equivalent to a 
reduction of .15 in recovery, so if the work had be^n of the same quality as in 
1923 the total recovery should have increased .49, making it 89.26 instead of 
88.94. These figures indicate that the work this year has been less efficient than 
in 1923 by the equivalent of .32 in recovery. This diflference of .32 between the 
recovery secured and what should have been secured had the work been of the 
same quiility as last year is made up as follows : Higher extraction and smaller 
losses in press cake are the equivalent of an increase of approximately .10 in 
recovery. The larger decrease in purity from first expressed juice to syrup, due 
both to conditions at the mill and clarification is equivalent to a reduction of .12. 
Higher molasses ptirity is equivalent to a further reduction of .10. The dif- 
ference between the sum of these factors and .32 is .20, attributable to larger 
Undetermined losses and the unavoidable small discrepancies in figures of this 
.kind.' ■ '' ' 

The following are Quality IS^tios and Tons Cane_.B^quired to make a Ton 
of Sugar for the paj^t few years. Comparisons of these values are most con- 
veniently made on the basis of the reciprocal of Tons Cane per Ton of 


Year 

1921 . 

1922 . 

1923 . 

1924 . 
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multipUed by 100, thus converting Tons of Cane per Ton of Sugar, into sugar 


recovered 

per cent 

cane : 






Quality 

Tons Cane 

Sugar % 

Cane 

Becovered % 

Gain 

Years 

Batio 

Bequired 

Theoretical 

Becovered 

Theoretical 

Over 1921 

1921 

8.414 

8.605 

11.885 

11.621 

97.78 


1922 

8.448 

8,617 

11.837 

11.605 

98.04 

.36 

1923 

8.573 

8.556 

11.665 

11.688 

100.20 

2.42 

1924 

8.248 

8.256 

12.124 

12.112 

99.90 

2.12 

111 1923 the cane required to make a ton of sugar was .017 of a ton less than 


the quality ratio while in 1924, .008 of a ton more than the quality ratio was 
required, a net increase of .025 of a ton, so on the quality ratio basis also, slightly 
poorer work than last year is indicated. 1924 percentage figures in the above 
tabulations are lower than the 1923 figures by .3 per cent. However, a half of 
the diflference is accounted for by the higher sugar polarization. Therefore the 
comparison on a quality ratio basis, corrected for the increase in sugar polariza- 
tion, indicates less efficient work than last year by some .15 per cent; a figure 
somewhat more favorable than the .32 per cent arrived at on the basis of recovery 
calculations. 

To recapitulate, in comparison with last year the cane has been of much 
better quality and the mills have ground at an increased capacity. Milling work 
has been of approximately the same quality, though slightly higher extraction has 
been secured. The decrease in purity from first expressed juice to syrup is 
larger, indicating less favorable conditions at the mill and in clarification. Filter 
press work has improved slightly. The molasses was not reduced to as low a 
purity but due to higher juice purities the loss in molasses was reduced. For 
the same reason recovery figures are higher. The net result of all these factors 
has been work some .15 to .3 per cent less efficient than last year. Though the 
work is somewhat poorer than last year, by far the greater part of the improve- 
ment made a year ago, over the comparatively poor work of 1920, 1921 and 1922 
has still been realized. 

In Table 9 the factories are ranked according to the ratio of recovery secured 
to a calculated recovery. Calculated recoveries used as the standard for compari- 
sons are based on syrup and sugar purities as reported, 100 per cent extraction, 
37.5 molasses purity and no other losses. The same standard was used last sea- 
son. One hundred per cent has no particular significance except in the column 
headed Milling, for as molasses can be reduced to considerably below 37.5 gravity 
purity, figures higher than 100 may appear in the second or even in the third 
column. 

The basis of comparison used in Table 9 is not free from criticism, but since 
the standard has been changed to close to average molasses purity the dis- 
crepancies have been greatly reduced. These figures should be considered an 
approximate gauge of the quality of the factory work. If closer distinctions are 
desired it is necessary to supplement figures in Table 9 with other data reported 
from the factories in question, for so far as the writer is aware neither this nor 
any other method so far proposed gives an accurate numerical value for ''factory 
efficiency^’ 

The calculations in this Synopsis have been made by Mr. Alex. Brodie, 
assisted by others in the Sugar Technology Department. 



TABLE NO. 9. 

COMPAJtlSpN OF ACTUAL AND CALCULATED EECOVERIES. 

in the order of the ratio of their recovery to that resulting' 
frojfitt 100% extraction, reducing the molasses to 37,5 gravity purity, and eliminating 
ail other 'iosses. Factories reporting a recovery of over 101% of the available (Table 
No. 6) are omitted from this tabulation. 


No. 

' Factory 

Milling 

Boiling 

House 

Over 

All 

1 

HakaJau 

98.90 

101.43 

100.46 

2 

Honbmu 

98.27 

100.37 

98.91 

3 

Pepeekeh 

98.21 

100.23 

98.58 

4 

Hilo 

98.60 

99.78 

98.51 

5 

Pioneer 

98.06 

99.87 

98.25- 

6 

Haw. Sug. 

97.81 

100.22 

98.22, 

7 

Gnomea . 

98.89 

98.82 

97.91 

8 

Ewa 

97.73 

99.78 

97.87 

9 

Oahu 

97.51 

99.77 

97.70 

10 

Wailuku \ 

98.07 

99.26 

97.61 

11 

H. c. & a Co........................ 

96.92 

100.21 

97.47 

12 

Kekaha 

98.48 

98.37 

97.13 

13 

Waimanalo 

98.87 

98.05 

97.13 

14 

Olaa 

96.89 

99.72 

96.97 

15 

Makoe 

97.16 

99.32 

96.82 

16 

Waialua 

96.71 

99.58 

96.71 

17 

Honokaa . 

96.49 

99.79 

96.70 

18 

Paauhau 

97.51 

98.78 i 

96"te4 

19 

McBryde ; 

97.11 

99.18 

96.61 

20 

Maui Agr 

97.33 

98.38 

96.19 

21 

Kilauea 

96.77 

98.36 

95.52 

22 

Hutchinson 

96.88 

97.72 

96.19 

23 

Laupahoehoe 

96.72 

98.13 

95,16 

24 

Kohala 

96.39 

97.95 

94.72 

25 

Hamakua 

97.36 

96.87 

94.68 

26 ‘ 

Kaeleku 

95.04 

99.12 

94.58 

27 

Kolon 

96.83 

97.12 

94.57 

28 

Waiakea 

95.27 

98.18 

93.94 

29 

Kaiwiki 

96.36 

97.12 

93.79 

30 

Haw. Agr 

96.86 

95.90 

93.11 

31 

Waianae . ......... ... 

96.88 

95.48 

92.88 

32 

Halawa . . . . . .... . . . . . * . 

93.35 

97.88 

91.68 

33 

Hawi ....... , . ...... ... ........... 

95.90 

94.83 

91.38 

34 

Olowalu 

97.99 

92.51 

90.96 

35' 

Union Mill . 

92,87 

97.17 

90.72 

36 

Niulii , ............ 

91.37 

98.45 

90,57 

37 

Waimea ... . . . . ....... . . . . ..... ... 

97.07 

92.92 

90.48 
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THE HAWAIIAN 

PLANTERS’ RECORD 

Volume XXIX. APRIL, 1925 Nu mber 2 

A Quarterly paper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters^ Association, 


The importance of early fertilization is being realized more 
Early and more throughout the world. The Louisiana sugar 

Fertilisation ])lanters, with their heavy rainfall, are now turning to early 
fertilization with nitrate of soda in addition to acid phos- 
phate. This is a change from cottonseed meal and tankage. Dr. Schurig- 
Markee, a leading German agriculturist, recommends the application of 
nitrogenous fertilizers *‘as early as possible, and in one application instead 
of several.’’ Of course this is for shorter crops than ours in Hawaii. 


A Discussion of the Root Rot Problem^ 


Hy W’. '\\ McCiKORtiE 

Certain jihascs of the investigations being conducted on the root rot ])roblem, 
which appear to be jiertinent to our own local problems and a short discussion of 
the rcsulis which we liave obtained in the researches being conducted at the 
Sugar Planters’ ICxperiment Station, are herewith presented. To begin with, there 
is more or less confusion in the use of the term root rot. In sugar cane it is an 
outgrowth of the older term Lahaina disease. W’e would anticipate the associa- 
tion of the retarded root development in most cases of plant failure from a num- 
ber of influences, and such occur in practice. It has been generally assumed that 
it is safe to attribute the retarded development of the plant as a whole as sec- 
ondary to root failure. This assumption has been the incentive for many years 
of search of the bacterial and fungi flora of our soils for causal organisms. As 
you may know, failure in this line of investigation is widely admitted, although 
there are not lacking a number wLo still cling to the strictly pathological phase 
of root rot. What I mean to infer by the above is that the too general application 

of the term root rot is unfair. 

< 

^ Presented at meeting of Hawaiian Section of American Chemical Society, Honolulu, 
November 1, 1924. 
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Rapid strides in the progress of methods of soil research during the last ten 
years have provided or armed us with better methods or weapons of attack for 
such problems. As related to investigations in plant failure the progress of soil 
and physiological chemists in the study of soil toxins and plant nutrition should 
be mentioned. The more accurate methods of measuring soil reaction and a 
method for removing the soil solution for study are of interest. 

Before proceeding further it may be best to briefly review our local problem. 
A casual survey of the Island districts in which Lahaina cane failed and where 
conditions diagnosed as root rot prevail shows a startling variety of soil types 
of equally varying properties, mostly abnormal. To mention a few of these, 
the acid soils of the Hilo-Olaa and Hamakua districts deficient in potash and high 
in ferrous iron and organic matter ; some alkaline soils on Maui ; on Oahu the 
Kaneohe soils of high acidity, high in soluble iron aluminum and manganese 
salts and deficient in both potash and phosphate ; the lower fields of Ewa-Puuloa 
district, which are alkaline or nearly neutral ; the mauka fields on Kciuai and 
other upland areas which are similar in many ways to those at Kaneohe. 

The description of the condition of jdants as observed by various members 
of the station staff also shows .some variation. 

While fungi or other organisms have always been found, by the pathologists, 
present in the rotted roots, the discovery of a primary causal fungus has not been 
effected in .spite of many intensive investigations. Dr. Lyon, as early as 1915, 
stated that we may eliminate senility and parasitic organisms as a plausible ex- 
planation for Lahaina disease. In view of this I will therefore omit a review of 
the pathological phase of root rot studies made in the Islands. 

It is obvious from past observations that we are led to assume the associa- 
tion of the ever present fungi as a secondary factor only, and that some other 
agent resident in the soil is the primary cause. I think that I may safely .say that 

the i3rincipal mistakes and failures of the past have been due to the apparent 

assumptions that root rot is the result of a single causal agent in all cases rather 
than a general problem involving a number of phases of soil infertility. At least 
it is true that the most promising results in Europe and on the mainland have 
been obtained and the greatest progress made by the investigators who have 
treated the problem as a complex. 

In our own soils several possible primary chemical, physical and bacteriologi- 
cal factors suggest themselves and all have been found to be definitely associated 
with soil infertility. 

1. Climatic conditions, such as rainfall and temperature, not within the 

range of adaptation of the plant or variety. For example, H 109 is totally un- 
suited to many Island localities, yet we hear no mention of H 109 disease. 

2. Poor physical condition of the soil which inhibits proper aeration for 

root respiration. 

3. The presence of soluble substances in the soil solution which are toxic 
toward plant growth. These include many organic and inorganic compounds of 
known toxicity. 

4. Conditions pfoductive of abnormal or subnormal activity of soil micro- 
organisms. 
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5. Plant food deficiencies or excess, more especially the former at certain 
critical periods in the development of the plant. This would include nutritional 
disturbances or abnormally balanced nutrients. 

The Chemical department of the Experiment Station has, during the last several 
years, reopened the root rot problem and treated it along the lines suggested by 
a knowledge of our soil types and on the basis of several lines of investigation 
being intensively pursued in Europe and on the mainland. The results thus far 
have yielded some extremely illuminating data. Our studies to date have been 
confined almost entirely to acid soils so that this discussion will be limited to them. 

During the last summer I had the opportunity of visiting a number of agri- 
cultural institutions on the mainland and comparing the progress of our work 
with theirs. The similarity of our observations was amazing and I will discuss 
some of these in detail. 

At the Indiana Experiment Station, Dr. G. N. Hoffer, specialist in plant 
physiology and pathology, is studying the problem. He is probably the leading 
investigator on the })roblem of aluminum toxicity, a factor which has been shown 
to be definitely associated with corn root rot in the Middle West as the primary 
causal agent. It is significant in his work that he avoids being led into single 
channels of investigation through the discovery of dominant factors. That is, 
he continually keeps in mind all possible associated factors which are present and 
which may contribute to plant failure. It is also significant that in spite of the 
fact that he is a pathologist and has given careful attention to the fungi flora of 
the decayed roots he has found chemical factors playing the primary role. In 
otlier words, he has not succeeded in producing root rot in a properly nourished 
plant by inoculation with any of the contributing organisms. A few words re- 
garding his theories and methods of study are of interest. 

He divides plant growth into three zones: health, susceptibility and toxicity. 
The zone of health is defined as the environment conducive of optimum plant 
growth ; that of toxicity as having sufficient concentration of toxin or other in- 
hibiting factor to seriously or completely inhibit plant growth of itself. Within 
the zone of susceptibility we have an environment productive of sufficient loss of 
plant vitality to predispose the plant to the invasion of organisms. Within this 
zone we have only subtoxic concentrations of toxins and plant food deficiencies 
as factors which lower plant resistance, and within this zone most problems in 
soil fertility arise. 

Root rot in the toxic zone makes its appearance in the young plants, the con- 
centration of toxic agent being sufficient to entirely retard even subnormal 
development. 

In this connection, while Whitney and Cameron’s original suggestion that plant 
roots secrete toxins is not considered entirely correct, on the other hand it has 
been shown that while healthy roots secrete COj, only, if the oxygen supply is 
limited by poor aeration the roots will secrete organic acids. These acids could 
act as solvents for aluminum producing aluminum toxicity in immediate contact 
with the roots even in an alkaline soil. 

Within the zone of susceptibility his theory as to plant failure in corn attrib- 
utes root rot to be secondary to notable disturbances which he has discovered 
in the stalk. He finds that growth retarding factors induce accumulations of iron 
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and aluminum at the nodal joints. There results a discoloration of the vascular 
plate tissues and a certain degree of disintegration. Dr. Hoffer believes that this 
nodal accumulation precedes the rotting of the roots, the channels of food trans- 
mission within the plant being disrupted. There results also increased enzymatic 
activities in the plant juice, a setting of the protoplasm and other abnormal 
conditions. Thus aluminum and iron become inhibiting growth factors even in 
the absence of appreciable solubility in the soil solution. To further explain 
Hoffer’s theory, he has shown by experiment that where retarded growth is in- 
duced by a deficiency of potash or phosphate the vitality is lowered sufficiently 
to permit the fungi invasion. 

In sugar cane we find these same nodal accumulations of iron and aluminum 
regardless of their solubility in the soil. Wherever the slalk is stunted, whether 
on acid soils, soils of high saline concentration, or even on the short winter growth 
of the stalks these elements accumulate. 

Independent of Hoflfer, Bodnar at the Royal Hungarian Institute of Plant 
Physiology also found a predisposition of the plant tissues to fungus invasion in 
the presence of high aluminum absorption. His problem was the root rot of sugar 
beet. As one phase of his investigation he analyzed normal beets, badly rotted 
beets and partially rotted beets. In the latter he analyzed the healthy and affected 
parts separately. The principal difference in the composition of the ash was 
the greater aluminum content of the rotted bulbs. (Diseased beets 6.8-10.2 per 
cent and healthy beets 1.28-2.57 per cent.) Also, he found the aluminum con- 
tent of the diseased portion of a single beet to be higher in aluminum than the 
healthy portion. One of the conclusions reached in his work was that the increase 
in aluminum content of the beet precedes the invasion of the organism and pre- 
disposes the tissues. 

Having shown the presence of soluble iron, aluminum and manganese in the 
Island soils, our initial studies involved the identification of the types in wliich 
the salts of these elements are actually present in the soil solution. A method for 
determining the so-called active aluminum has been published by the Rhode Island 
Experiment Station. We have, however, adopted a different and, I think, a 
better procedure and have determined the range of H ion concentration at which 
it is possible to have these salts present in the soil solution. This investigation 
showed that all soils of H ion concentration greater than that represented by pH 
5.8 fall in this class. Above this pH we must search for other factors where 
root rot is present. Many of our soils have' pH below 5.8 and root rot is pre- 
valent in many such fields. This higher acidity is typical of upland soils and in- 
cludes a large percentage of the pineapple as well as many of the sugar lands. 

Now as for the toxicity of the salts of the elements iron, aluminum and 
manganese toward sugar cane we have carried out several hundred cultural ex- 
periments which have included several of the salts of these elements and of the 
representative varieties of sugar cane. It will be impossible to more than touch 
upon these experiments. Suffice it to say that aluminum salts showed a marked 
toxicity toward sugar cane, with less resistance in the Lahaina variety. 

As for methods of correcting aluminum toxicity in soils there are several pos- 
sil^le. These include the precipitation of aluminum in an insoluble form; for 
.example, the phosphate by additions of superphosphate, or by changing the soil 
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reaction by such neutralizing agents as lime or molasses ash. Our field experi- 
ments have not progressed sufficiently to warrant comment. On the other hand, 
in pot experiments using acid Island soils notable response and remarkable root 
stimulation has been obtained. These experiments showed that phosphate appli- 
cations give only temporary response due to the high potential aluminum content 
of our soils and the fact that the reaction of the soil is not changed by the phos- 
phate application. In our experiments an application of 20 tons superphosphate 
per acre was completely inactivated in four months time and the original toxicity 
of the soil had returned. The practical reclamation of such soil types must there- 
fore necessarily involve the use of some neutralizer as a corrective agent ; the 
use of lime has, however, not given immediate response, but this is more or less 
to be expected. Acid soils of the reaction, at which we find aluminum showing 
toxicity, are notable for the presence of numerous growth retarding agents. 
Subnormal bacterial activity, which is characteristic of unfavorable growth media 
may be mentioned. Also, the poor physical condition and notable plant food 
deficiencies which are characteristic of these acid types. Organic decomposition 
in acid soils is notably productive of organic and inorganic compounds unfavor- 
able to plant growth. It is evident therefore that the correction of aluminum 
toxicity may be only one factor. In Indiana, it is the practice to add 3-4 tons 
lime per acre plus 500-1000 lbs. sui)erphosphate and then plant to a resistant crop 
before going to corn. Dr. Conner of the Indiana station, who has had practically 
twenty years experience with .such soil ty|)es, in a di.scussion of the action of lime 
has the following to say : ‘AVe have never been able to grow a normal corn crop 
on this soil, even with limestone applications up to 14 tons per acre until after 
a lapse of three years. It is quite possible that aluminum hydrate remains toxic 
until it is gradually fixed as a single or double silicate or phosphate or as a 
more insoluble hydroxide. At any rate plenty of available phosphate or silicate 
hastens the improvement in fertility and crop producing power.” 

I was much interested at the last pineapple short course at the University of 
Hawaii to hear statements by two men of wide experience in pineapple culture 
that liming in the long run had shown some improvement in fertility. A signifi- 
cant case which came to our own attention recently also is of interest. Two 
.samples of soil sul)mitted to our laboratory for examination from Koloa Planta- 
tion represented a field which was of poor fertility and a section of this same 
field which had formerly been a road and on which the cane was making very 
good growth. The soil was a typical upland soil of high acidity and low 
in available potash and phosphate. The reaction of the field in general was pH 
4.6 and of the former road pH 6.0. Dr. Hoffer has noted a similar situation in 
an Indiana corn field. The reaction of a field showing root rot had a pH 5.6. In 
another part of this same field where the corn showed no root rot the reaction 
was pH 6.2. There is a warning in the above instances against too hasty con- 
clusions from liming experiments. There are too many possible inhibiting factors 
present in acid soils which may only be corrected in full over extended periods. 

During the past summer I saw on the mainland experimental plots which had 
been receiving ammonium sulphate (without lime) for a period of fifteen years 
and had reached a condition in which few crops would grow. The only dif- 
ference between these plots and the check plots was the higher acidity of the 
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ammonium sulphate plots and the presence of soluble aluminum. When we start 
liming acid soils, that is, the naturally acid types, let us not forget that those 
soils have been acid probably for thousands of years and their reclamation may 
involve unforeseen complexities requiring patience and careful study. 

Reluming to Dr. H offer’s zoning of plant growth, let us apply his line of 
reasoning to some past experiments on the root rot of Lahaina cane. In 1915, 
Dr. Lyon transferred a sick stool of Lahaina to our Experiment Station soil 
(which has never shown root rot) and obtained a complete recovery of the stool. 
In making this transfer he carried the secondary factor (the fungus) into the 
good soil in which the primary factor was lacking. In the absence of the primary 
factor the plant recovered on failure of the fungus or secondary factor to play 
its role eifectively in the absence of the primary predisposing agent. This experi- 
ment has been repeated recently by Mr. Lee, who transferred “sick” Lahaina 
stools from Puunene to the Station soil with the same results. This same line 
of reasoning clarifies some of Carpenter’s observations. On sterilizing sick soils 
he obtained some improvement in plant growth, having removed the secondary 
factor, the primary factor being present only in subtoxic concentrations. On 
reinoculating the sterilized soil with pythium type fungus, thereby again repro- 
ducing the association of primary and secondary factors, he again produced the 
root rot. 

The outstanding feature of these root rot problems is the comparative re- 
sistance of varieties and individual plants. For example, going into a pineapple 
field one is immediately struck by the apparently normal growth being made l)y 
some plants, yet entirely surrounded by wilted plants. The same is true, only 
less strikingly so, of sugar cane. We see a heavy stand of H 109 where Lahaina 
scarcely goes beyond the germination stage. The question arises what is the 
inherent characteristic of these resistant varieties or plants which imparts this 
power of resistance and can it be determined? We are analyzing many plants 
grown in our pot cultures which we hope may throw some light on the chemical 
phase of this question. 

Dr. Hoffer has found that there is a definite relation between the phosphate 
requirement and degree of resistance to aluminum toxicity. That is to say, a 
plant or variety having a high phosphate requirement will develop root rot more 
rapidly in the presence of a deficiency, and a phosphate deficiency has been shown 
to be related to aluminum toxicity and is usually a characteristic of acid soils. 
Therefore the variety with lowest phosphate requirements shows the greatest 
degree of resistance. He has even developed this phase of his investigations to 
such a degree that he can determine the resistance of a seedling by chemical 
analysis and is using this extensively in breeding corn varieties for resistant 
strains. He is also studying the selective absor|>tion of iron and aluminum as a 
heritable character in corn. 

Another interesting angle on root rot resistant characters has been uncovered 
at the Rhode Island station. They find that crops to which aluminum is toxic 
show a wide variation in mineral composition when grown under different con- 
ditions. For example, the carrot shows little variation in niineral composition 
regardless of environment under which it is grown and is highly resistant. In 
other words, the ability of the plant to obtain its needs under adverse condilions ; 
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that is, to select its likes and reject its dislikes is a notable resistant character. It 
is not unfair to assume just some such relation as this in comparing H 109 and 
Lahaina on high saline concentrations, the H 109 having the greater power of 
selection. 

Again, potash has been found to be an important factor and possesses an essen- 
tial function in relative resistance. Sherwin, in North Carolina, working on a 
non-productive soil of pH 3.5 to 5.0, found heavy nodal accumulations in corn, 
which was suffering from root rot on this soil. Unlike previous experiments on 
such acid soils this soil did not respond to phosphate applications, but did respond 
notably to potash and lime. Hoffer, cooperating in these experiments, discovered 
the function of the potash. He found that potash possesses the property of 
greatly decreasing or entirely eliminating the nodal accumulations of iron and 
aluminum. Its action is within the plant. I might add at this point that in 
our pot experiments we obtained similar results, namely, that by increasing the 
potash reserve in the plant there was a marked stimulation in plant growth in 
spite of the fact that the aluminum content and solubility in the soil had not 
been altered. If a toxin can be cared for within the jdant as rapidly as it enters, 
tlien the ])lant is not injured. Dr. Hoffer has further noted a remarkable difference 
in the appearance of plants in which phosphate and potash separately are limiting 
factors. In other words wc might say that two distinct types of root rot have 
Ijeen described by Hoffer, depending on the nature of the deficiency which is 
associated with the aluminum. How many more distinct types there are can 
only be conjectured. 

In closing, the i)oint which I wish to emphasize is that we are dealing with 
a very complex problem. Investigations throughout the world as well as our 
own have proven this beyond question. The conditions of optimum environ- 
ment for plant growth include plant food, moisture, air, sunlight and tem])erature. 
Lveryone must realize the difficulties attached to the maintenance of all these 
conditions at optimum. It is widely recognized that with any departure of any 
one of these conditions from the optimum or the entrance of an inhibiting toxic 
factor the plant may be affected in its growth and is often rendered more sus- 
ceptible to diseases which would scarcely invade the tissues when in normal 
vigor. 

The root rot problem is therefore more than a “one man job," and as long 
as wc continue to treat it as a single line of research our progress is bound to be 
slow. That is to say, it is not a problem in chemical research, or pathological 
research alone. In the past it has been treated more or less like a game of \'olley- 
ball. First it was taken up by the pathologists, then thrown at the chemists, back 
again at the pathologists and, finally, once more at the chemists. It is a research 
problem involving the imperative close cooperation in lines of chemical or soil 
research, the morphological study of the plant tissues and plant processes as well 
as the patliological investigation of the parasitic and saprophytic characteristics 
of the associated fungi and possibly other yet unforeseen factors. 

Our investigations to date are extremely encouraging, to say the least, and I 
feel that its solution is higlily probable if the proper cooperation can be obtained. 
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A Study of the Cane Borer, R. Obscura, and Its Parasite, 
C. Sphenophori, at Paauhau Sugar Plantation Company 


By C. E. Pemberton 


Introduction 

With the gradual reduction in acreage of Yellow Caledonia cane, since 1918, 
in the Hamakua district of the island of Hawaii, and its replacement with the 
varieties D 1135 and H 109, there has been a noticeable increase in damage by 
the beetle borer, Rhahdocnemis obscura, if we are to judge from the frequently 
expressed complaints since 1920. This increase is readily explainable from the 
cane variety point of view, for D 1135 and H 109 are more favorable for borer 
development than Yellow Caledonia. They are primarily more susceptible be- 
cause softer. However, were we to attribute the increased borer damage solely 
to a change of varieties, we would expect similar damage elsewhere where D 1135 
or H 109 have extensively replaced Yellow Caledonia. This is not so. The ex- 
planation is complex, involving a consideration of both the climatic conditions of 
Hamakua and the change of cane varieties in their combined influence upon the 
activities of the borer, as well as the meteorologic eflFects upon the cane, which 
result disadvantageously to the parasite. 

At the urgent request in 1923 of Mr. F. M. Anderson, Manager of Paauhau 
Sugar Plantation Company, and through the suggestion of C. Brewer & Com- 
pany, Ltd., a study of the situation at Paauhau was begun in February, 1924, 
and continued through the harvest season until October. 

As the borer parasite (Ceromasia sphenophori) now effectively controls the 
pest over most of the other plantations in Hawaii, this investigation dealt almost 
exclusively with a study of the parasite, as it operates in Hamakua. Some fear 
had been expressed that its activities might be hampered by factors peculiar to the 
district. It was felt that perhaps an understanding of these factors, if present, 
might lead to their control, with a consequent alleviation of the losses. This work, 
therefore, has been largely a study of the parasite, in every phase of its complete 
cycle, and, as the data which follow show, establishes what we feel to be ample 
proof , that the difficulty in Hamakua is climatic and one of varietal change, rather 
than one of loss of vigor in the parasite or of the presence of enemies inimical to it. 

As just indicated, we feel that Yellow Caledonia is less susceptible to borer 
injury than the varieties D 1135 or H 109, because harder. The data covering 
extent of borer damage among the three varieties have not been extensive enough 
clearly to demonstrate this, however. In fact, in some scattered counts the reverse 
conclusion might be drawn. 
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Extent of Borer Damage 

The data at hand respecting the percentage of sticks damaged by borer at 
Paauhau and Honokaa are convincing of the importance of the losses, but not 
extensive. This side of the study was necessarily sacrificed in order that a thorough 
investigation could be made of the parasite. Estimates by Mr. Raymond Elliott, 
Chemist of Paauhau Sugar Plantation Company, of the extent of borer damage 
in several fields at Paauhau in 1923, gave an average of 26.48 per cent of the 
stalks damaged and in 1924 an average of 27.17 per cent. In a comprehensive 
series of analyses, made by him in 1924, on sound and borer-injured cane from 
five separate fields, his conclusions show a surprising sugar loss occurring in these 
fields. These data, presented at the Third Annual Meeting of the Association 
of Hawaiian Sugar Technologists in October, 1924, indicated an average monetary 
loss for the five fields of $42.v30 per acre, with sugar at 7 cents. In this computa- 
tion, 27,17 per cent of the sticks analyzed were borer injured. If we apply these 
figures to the data shown in Table 1, covering counts made by the writer at 
Honokaa, Paauhau and Hakalau during 1923, we may logically assume that the 
cane borer actually levies a heavy tax on large areas of cane in Hamakua and 
to some extent, occasionally, in certain low fields as far along the coast as Hakalau. 
When we see, however, the extent of control that is being constantly exerted 
over the borer by the introduced parasite, as shown in Table 2, no stretch of the 
imagination is needed to comprehend what a really large loss would inevitably 
occur, were it not for this continual parasitic check. With losses in Hamakua as 
they now are, in spite of a 44 per cent destruction of the borers by the parasite, 
what would they be without this check? 

Table 1 should give a fair estimate of the extent of borer damage as it occurred 
in 21 fields of Honokaa Sugar Company in 1923. A total of 15,900 sticks were 
examined. This examination showed an average of 22.7 per cent of the sticks 
injured to some extent by the borer. These counts were made at random over 
the fields, and though not large, indicate distinctly that the borer problem is one 
of importance on the plantation. The fields show damiige ranging from nothing 
to 48 per cent, the cane being mostly D 1135. Of interest is a count of 1,000 
sticks of Uba cane, under harvest in Field 24, Honokaa Sugar Company, where 
no borered sticks were found whatever. This is not always the case, as later 
observation showed, but Uba is clearly less susceptible to borer injury than D 1135 
or H 109. 

In general, the cane at Honokaa cut in 1924 appeared to have somewhat less 
damage than in 1923, owing to the greater amount of short ratoons cut and in 
part to rat control, A brief discussion of the relation of short ratooning to borer 
development occurs elsewhere in this paper. 

Borer damage in Hamakua is usually much more severe in fields below the 
loco ft. level than above. The lower the fields, generally the more acute the 
damage. The only high fields in Table 1 are the first five. The average damage 
for these is well below that of the remaining sixteen fields, taken collectively. 

Apart from the percentage counts of borer damage, made by Mr. Elliott, re- 
ferred to above, three counts were made at Paauhau in April, 1923, as shown in 
Table 1. These covered a total of 4,500 canes in three fields. An effort was 
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made to secure counts giving average conditions. They show an average of 
12.5 per cent of the sticks damaged^, with a maximum of 18.6 per cent in a field 
of H 109 and a minimum of 4.8 per cent in a field of D llv35, the Yellow Cale- 
donia field falling between with a damage of 14.3 per cent. These figures can 
only be indicative of the occurrence of considerable loss, as they are not exten- 
sive enough to accurately measure the field loss or varietal susceptibility. 

As further shown in Table 1, losses front cane borer may be considerable even 
at Hakalau. At the request of Mr. Ross in August, 1923, a count was made in 
Field 2, Hakalau Plantation Company, in 15 months old, short ratoon, Yellow 
Caledonia cane. This field, at a low elevation, showed a good deal of damage, 
though, as is frequent in this variety, many of the canes damaged would bear the 
injury only in a single joint. The count, covering 6,000 sticks, gave a borer 
damage of 16.8 per cent. This should be close to the actual percentage of canes 
borer injured in this field. It is believed that this degree of injury is exceptional 
for Hakalau, however. 


Borer Parasitism at Paauhau 

The complete results embodying the study of parasitism of the cane borer at 
Paauhau Sugar Plantation Company are summarized in Table 2. A brief discus- 
sion with conclusions drawn is necessary in explanation of the facts indicated 
therein and in Tables 3 and 5 elaborated from it. 

A fairly exact understanding of the operations and benefits derived from this 
parasite, can be obtained through careful dissection of the borer channels in the 
canes, providing these dissections are made on a large scale, covering representa- 
tive areas over the fields under investigation. These channels, old and new, 
contain the entire history of what has already occurred or may be occurring in 
the unceasing struggle between the borer and its enemy, the fly. Old channels, 
often formed 15 to 20 months previous to the examination, unless completely 
destroyed or cleaned out by ants, contain the record of parasitism or non-para- 
sitism. If a borer-grub has succeeded in developing to maturity without being 
found and destroyed by the parasite, the original borer cocoon, from which the 
beetle has hatched out, still lies in the channel, empty. Being empty is indica- 
tive that the beetle matured and escaped unharmed. If the record is more recent 
and a grub has matured, escaped attack by the parasite and changed to the pupal 
stage, which is then uninteresting to the fly maggot, this borer pupa lies exposed 
for our record also, as an ;Uh]^^Sasitized individual. However, if a grub, many 
months, or even a year or more previous to our examination, has been reached 
by the wriggling maggots of the fly, and thus destroyed by them, the cocoon 
which the grub weave.s, even though parasitized, will contain the empty shells of 
the fly pupae which have developed from these maggots. These empty shells 
(puparia) are absolute evidence of parasitism, even though the borer-grub had 
been destrbyed and the flies developed and escaped long since. Again, these borer- 
cocoons may contain the fly pupae or developing flies themselves, which indicates 
recent parasitism. Still further, the borer channel may contain a living borer 
grub. The dissection of this shows readily the presence or absence of parasites, 
in the form of pale, white maggots of varying size, dependcfiit upon their period 
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of residence within the body of the grub. The dissection then of each borer 
channel reveals the history, past and present, of the work of the parasite, indi- 
cating wherein it has succeeded in reaching grubs and just how often it has 
failed. 

During the 8 months time devoted somewhat intermittently to these dissec- 
tions. a total of 11,704 borer channels, in 5,819 grub-injured canes, were dis- 
sected out in their varied ramifications, covering four fields carefully and two 
in part. 

The data for each variety of cane, in each field, were segregated. As no 
clearly marked difiference could be discerned in degree of parasitism in one 
variety of cane over another, this diflFerentiation in variety is not shown in Table 2. 

The actual percentage of borer grubs destroyed by the parasite during the 
entire period of growth of the cane in the 6 fields examined, ranged from 36.5 
per cent to 56 per cent, with an average for the 6 fields of 44.6 per cent. This 
is a much more .satisfactory degree of parasitism than we had anticipated. During 
the examinations, parts of fields at times showed very low control. Often for a 
week or more, the canes consistently showed parasitism ranging below 10 per 
cent. However, there was consideralde fluctuation in each field. This demon- 
strated the need for a wide series of records, and the average for each field, as 
a wliole, as finally summarized, was much higher. These localized spots, ])oth at 
Honokaa and Paauhau, where the parasitism is often very low, are generally 
areas of dense growth in the bottom of hollows, large and small, or in low fields 
where the cane has been long-ralooned, has been much bent over and often broken 
l)y wind and where trash and .sometimes weed and grass growth has become 
thick, matted and protective of the hidden canes near the ground, thus almost 
comi)letcly excluding the fly in its efforts to reach the grub infested parts of the 
canes. 

A total of 2,910 borer grubs were cut open and evidence of parasitism therein 
determined. Of these, 12.3 per cent contained larvae of the Tachinid fly, totaling 
1,107 maggots,' or an average of 3.0 per parasitized grub. The greatest number 
of maggots found in one grub was 12. Many grubs were opened that contained 
but 1 maggot, some with 9 or 10 and three with 11 maggots. As many of the 
grubs examined might have become parasitized in the field, before maturing, 
if left undisturbed, we cannot use this data as the absolute test of the degree of 
parasitism occurring in the fields examined. It only gives data on the seasonal 
activity of the parasite. The actual extent of parasitism is determined from a 
borer cocoon examination. As described a])ove, the pa.st as well as the present 
history of cane borer parasitism in each stick, is bound up in the cocoons in the 
stalk. 

From a total of 6,171 cocoons opened and examined, 2,638 contained fly 
pupae or empty fly pupal shells (puparia). This gives an actual parasitism, 
based on the whole series of cocoon examinations combined, of 42.7 per cent, and 
as given above, if based on the separate totals of the 6 fields, a parasitism of 44.6 
per cent. These figures should fall close to the actual degree of control exerted 
by the parasite over the borer in the Paauhau fields studied. 

A total of 7,331 fly pupae or puparia were removed from these 2,638 cocoons, 
which gives an average of 2,8 per cocoon. This is close to the figure recorded 
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above (3.0) for the average number of fly maggots occurring in living borer grubs. 
The greatest number of fly pupae or puparia per cocoon was 11. Many contained 
only one and several had 8, 9 and 10 per cocoon. 

These are interesting data, bearing on the life habits of the parasite, for they 
check well with similar data computed by Mr. Muir in his original observations 
on this parasite at the time of his discovery and introduction of it to Hawaii. 

As already stated, many old borer channels in the cane become entirely cleaned 
and occupied by ants, particularly the big headed brown ant Pheidole megacephala. 
As nothing of the parasitism record remains in these channels, they must neces- 
sarily be left out in the computations. There are many of them. During the 
period of borer study at Paauhatt, a total of 2,069 such channels were cut out, 
from which no evidence remained with which to record parasitism data. 

The information in Table 3 is illuminating in explanation of the seasonal 
activity of the parasite. It shows distinctly that the parasite is much more active 
and effective during the summer months in Hamakua than in the winter. In 
February, March and April, the percentage of developing parasitic larvae or 
pupae present, as compared with the percentage of old, empty, fly pupal shells 
(puparia), was less than half that of May, June, July or August. In other 
words, in the summer months, fly larvae, pupae and hence adult flies, were easily 
twice as numerous, by percentage counts, as in the spring, fall or winter months. 

In the entire series of examinations the records of parasitism and borer attack, 
as they occurred separately in the top, middle, lower part and bottom of each 
stalk, were segregated for each section of the stick. A comparison of these data 
gives us useful infonnation. This tabulation is shown in Tables 4 and 5. Of 
11,704 borer channels examined, 16.6 per cent occurred in the top portion of the 
.stick, 22.4 per cent in the middle section, 31.5 per cent in the lower 3 feet and 
29.5 per cent in the bottom one foot of the stick. Thus the first four feet of cane 
above ground contained 60.9 per cent of the borer channels and the bottom one 
foot of cane almost one-third of the total number in the entire stick. 

As shown in Table 4, the parasitic control of the grubs is poorest in the bot- 
tom of the stick and best in the second, third and fourth feet of cane. It is 
also fair in the middle and top. These are not necessarily iron bound conclusions. 
They are based only on the facts as they appeared in this particular investigation. 
It is safe to conclude, however, that in general, under the present methods of 
agriculture in Hamakua, the bottom portion of the canes will have the most 
borers and show a lower degree of para.sitism than in any other part of the stick. 

A careful watch was kept for predatory or parasitic enemies of the fly, in all 
stages, during the entire period of study. None were found. No indications of 
parasites on the fly larvae were detected and nothing but flies emerged from a 
large number of fly pupae saved. 

The fields selected for study represented long and short ratoons. No decided 
difference could be seen in the degree of borer-parasitism between the two, though 
field examinations both at Honokaa and Paauhau in young cane up to 1 year 
of age, in general show a higher degree of parasitism than in older cane. The 
amount of borer damage in any field must necessarily be increasingly greater the 
older the cane becomes. The accumulated damage per stick is naturally greater 
in caite exposed to borer for 2 years than years or any shorter period. This 
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Is self evident and in spite of occasional casual comparative counts in long and 
short ra'oons, which may show more damage in the latter; any one field will, of 
course, have more damage the longer it remains in the field. It is simply accu- 
mulative. 

The great improvement in juice purity and sugar yield in Hamakua, in recent 
short-ratooning tests, particularly at Honokaa, clearly demonstrates that the 
same operation, if adopted as a means of borer control, in no way endangers the 
sugar output of a field. 

Table 6 gives data secured by Mr. Swezey at various plantations on Maui, 
Oahu and Kauai during 1924-25. These figures show in general a fair degree of 
parasitism at each place. They were obtained incident to other work and hence 
do not cover large counts, excepting at the H. S. P. A. Experiment Station in 
Honolulu. This count shows a fairly satisfactory degree of control. They all 
tend to show that the Tachinid fly is no different in its operations at these places 
than in Hamakua, and further bears out our con'ention that the difficulty in 
Hamakua is climatic and one following cane varietal change, as explained else- 
where herein. 

Factors Favoring the Borer in Hamakua 

I'lie following tables and conclusions drawn from them would indicate that 
the Tachinid fly in Hamakua possesses, in no lessened degree, the same vigorous 
potentialities for control of its host, the borer, that it has elsewhere in Hawaii 
where little borer damage occurs. In view of this we must look for other ex- 
planations of its inability to control this pest as thoroughly in Hamakua as in most 
other cane regions in Hawaii. 

The frequent heavy winds of Hamakua, in their effect u|)on the cane, in com- 
bination with the change of variety from Yellow Caledonia to softer canes, would 
seem to ex])lain the difficulty, but not remedy it. Very early in the growth of 
the cane, particularly in ratoons, borer infestation can be found. Fairly heavy 
infestation is often seen in cane only 4 or 5 feet high, if careful examination is 
made in the lowest joints. This results from the accumulation of adult beetles 
in the vicinity, in imture cane, the left overs from the crop that has just been 
removed and especially the heavy grub infestation in the stools themselves, left 
underground or near the surface in the stubble after harvesting. Much of this 
has been observed in borer-infested fields just harvested. As the cane continues 
growing, the borer grubs developing lie well exposed to parasitic attack usually 
until the cane is at least a year old. By then, in the low irrigated fields and 
hollows, it begins to bend over, frequently blows down in spots, and has com- 
menced accumulating fair amounts of trash about the ground. Up to this point, 
as stated, conditions are satisfactory for parasitic attack on the grub, which per- 
mits a gradual multiplication and accumulation of the adult flies. From here on, 
however, this fly-increase, this perceptible gaining of the parasite over the borer, 
falls off. The balance then somewhat favors the borer. Were it not for the 
wind, in its periodic cracking and splitting effect upon these trash concealed 
parts of the stalks, the beetles would necessarily be obliged to place their eggs 
well above the trash, for they normally oviposit beneath live leaf sheaths where 
the newly found rind of the stick is not so hard as on the old joints. 
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The cane beetle has a very strong affinity for souring cane, for splits in 
the stalk, for spots opened by rat attack. This instinct is strong and has been 
repeatedly observed, for many years, by all who have studied the insect. Hence 
these cracks and breaks near the bottom of the canes, in and under the trash, 
which becomes heavier and more compacted as the cane grows older, furnish 
ideal spots for the beetle to place its eggs. It readily penetrates any trash, while 
the fly cannot. Were it not for such wounds in the lower part of the canes, no 
suitable tissue would exist there for beetle oviposition. In such cracks, breaks 
and splits, the eggs hatch and the grubs feed and develop to maturity in great 
part safely excluded from parasitic attack, because immersed in much compacted 
trash. We have good evidence of this in Tables 5 and 2, which distinctly show 
that the greatest number of borer channels at Paauhau, occur in the lower part of 
the stick and that the lowest degree of parsitism occurs there also. 

On other plantations in Hawaii where there is no perceptible wind damage, 
the borer is well controlled by the parasite. Trash accumulates at many of these 
places, such as at Ewa, in even greater quantities than in Hamakua, because the 
yields are much heavier, yet there is no accumulation of suitable egg-laying 
spots in the trash-covered bases of the canes and the beetle must necessarily 
lay under the leaf sheaths well up on the cane. Most grubs then develop in 
places exposed and readily reached by the parasite. Suckers api^aring in such 
trash can be suitable for borer development, but the period of their growth through 
this cover is short, and hence exposed to beetle attack while under the trash for 
a much smaller period than in broken or split cane*bases lying immovable within 
the trash. 

In connection with this whole subject, we would venture the opinion that 
Yellow Caledonia is more wind-resistant than D 1135. 

The relation of wind to borer damage was investigated briefly in Kohala. 
One field of D 1135, then under harvest, was examined. Borer damage in the 
small area examined was heavy. In tip canes at the same elevation damage w^as 
slight. There is no disputing the contention that this cane is more wind resistant 
than D 1135. 

Occasionally the beetle borer accumulates to a noticeable degree in spots even 
on Oahu. This is in old cane usually. The older it becomes the more dead and 
fermenting canes naturally can be found in the trash. This softened material 
beneath and in the trash, furnishes suitable environment for beetle oviposition 
and grub development in tissue safely fortified against entrance of the fly. 

General Conclusions 

From the above, our only conclusion can be that plantations exposed to fre- 
quent and heavy winds in Hawaii, must inevitably suflFer more or less from cane 
borer, when it becomes necessary to plant canes non-wind-resistant or compara- 
tively soft. Some of the seedlings propagated at the Experiment Station, which 
were exceptionally soft, have proven highly susceptible to borers wherever planted. 

We see no artificial method of cane husbandry which could be practically 
applied to completely remedy the trouble. We cannot Tecommend a change of 
varieties in Hamakua, for D 1135 is proving its high worth as a spliendidly 
adapted cane for that district. 
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The future development of new varieties and tests of imported canes, such 
as the newly introduced Java seedlings, may in time offer a solution. The study 
and use of wind-resistant canes in Formosa is interesting, and may ultimately 
show us the value of such procedures in application to our wind-swept localities. 

Several careful strippings and the clearing away of trash about the base of 
the stool should result in satisfactory parasitic control of the borer in Hamakua, 
but this expensive operation is probably impractical for more than one reason. 
Such clearing of the stool, for instance, would involve the piling of trash in the 
space between the rows and interfere with proper irrigation. Also, vigorous cane 
much over a year old is almost impossible to clean properly, at the base, because 
of the intricate bending and interlacing of adjacent stools in adjoining rows. 
Wider planting of the rows would serve to assist the parasite in its entrance of 
the stool and serve to spread out the trash and lessen the thickness of the blanket, 
it is doubtful, however, if a 6- or 7-foot spacing would prove profitable from 
an agricultural point of view. Were it not for this objection it should prove a 
useful adjunct in borer control. 

The practice of short ratooning will improve the situation. Parasitism is 
best in young cane, for the reasons given elsewhere in this paper. Borer damage 
and beetle accumulation increase as the cane grows older. These two facts are 
indisputable. We feel that the wider the practice of short ratooning becomes, in 
tl\e low fields of Hamakua, the better will be the borer control. Heavy damage 
as now sometimes occurs in short ratoons should not discourage one in the tinal 
accej)tancc of this view. 'Fhe wider the policy of short ratooning, the more 
accumulative becomes the parasite in its operation over the entire district and 
the less accumulative the beetle. This is inevitable, as just inferred. It is a 
matter of simple reasoning, l)ased on our knowledge of the development and in- 
terrelated habits of beetle and parasite. 

W'e await with interest and much hope the outcome of efTorts to be made 
during 1925 to locate further natural enemies of this pest in its native haunts 
in parts of the Malay Archipelago. 
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TABLE 1 

EXTENT OF CANE BOREB DAMAGE IN 1923 
Honokaa Sugar Company 


Average per 





Total No. 

Cent of Canes 

Field Variety 

Dates of Examination 

Canes Examined 

Borer Injured 

1 

D 1135. . 

March 12 

200 

9.5 

5 

D 1135.. 

May 26 

200 

2.5 

7 

D 1135.. 


400 

7.2 

10 

D 1135.. 


600 

22.3 

12 

D 1135.. 


300 

7.1 

18 

D 1135. . 


900 

25.6 

19 

D 1135.. 


200 

12.0 

22 

D 1135.. 


1000 

16.7 

24 

Uba . .. 


1000 

0.0 

25 

D 1135. . 


600 

45.5 

26 

D 1135. , 


800 

16.1 

28 

1) 1135. . 


1700 

27.1 

29 

1) 1135.. 


800 

34.6 

30 

D 1135.. 


1000 

45.6 

33 

D 1135, . 

August and 8e])tember 

1800 

14.6 

34 

H 109 . . 


1500 

48.0 

35 

H 109 . . 


800 

18.6 

36 

D 1135. . 


900 

22.0 

37 

D 1135.. 


500 

47.2 

38 

D 1135. . 


600 

35.1 

D 

D 1135. . 

May 

100 

20.0 


Total and 

Averages 

15,900 

22.7 



Paauhau Sugar Plantation Company 


1 

H 109 . . 


1000 

18.6 

17 

D 1135.. 


2500 

4.8 

6-a 

Yellow Caledonia. . . .April 

1000 

14.3 


Total and 

Averages 

4500 

12.5 


Hakalau Plantation Company 

6000 16.8 


2 Yellow Caledonia. August 
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TABLE 2 


Parasitism of the Cano Borer (E. ohscnra) by the Tachinid (C. spheiiophori) at 

Paaiihau Sugar Plantation Company, 1924 
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ft) 
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Fly 

CA 

2 



1 

SejJt. . . 

.. 511 

73 

82 

386 

295 

116 330 

42.2 


Oct. . . 

.. 514 

55 

52 

296 

645 

98 386 

26.3 

Field 

1 Totals. 

. .1025 

128 

134 

682 

940 

214 716 

33.5 


«o 


51.2 Mixed D 1135- 
418 Yellow Cal. and 
_ H 109, rat. 18 
to 19 months 
old at time of 
examination. 


Field 2 


.June . . 

. . 1 759 

125 

111 

440 

552 

191 

635 

32.4 

40.8 

Aug. . . 

.. 105 

12 

15 

26 

149 

64 

65 

16.0 

24.1 

Sept. . 

. . 155 

8 

18 

44 

119 

74 

104 

19.0 

25.8 

Totals. 

. .2019 

145 

144 

510 

820 

329 

804 

29.0 

36.5 


Mixed D 1135- 
Yellow Cal. and 
H 109, rat. 18 
to 19 months 
old at time of 
examination. 


2 A Mar 102 3 


59 23 


59 31.0 43.0 H 109, rat. 16 

months old at 
time of exami- 
nation. 


7 Feb 200 (5 

Mar 472 11 

April ... 507 11 

May .... 312 14 

Field 7 Tofals. . .1491 42 


3 

62 

55 

27 

61 

22 

181 

96 

53 

85 

17 

237 

246 

130 

233 

21 

127 

97 

58 

118 

63 

607 

494 

268 

497 


33.4 42.4 Yellow Caledo- 
47.6 59.5 »bi. Long ra- 

30.1 41.1 

37.2 45.6 

36.0 46.6 


14 

April . . 

. 400 

4 

21 

117 

104 

58 

94 

35.6 

47.5 Yellow Caledo- 


May ... 

. 470 

37 

64 

164 

102 

137 

279 

33.8 

3 .f) 4 nia and II 109. 
Long ratoons. 

Field 

14 Totals. 

. 870 

41 

85 

281 

206 

195 

373 

34.4 

39.1 


151/2 Feb 

90 

0 

0 

32 

12 

21 

13 

42.5 

50.0 D 1135. Long 

Mar 

90 

1 

0 

36 

19 

5 

16 

47.3 

(53 1 ratoons. 

Field 151^ Totals 

180 

1 

0 

ia 

68 

31 

26 

29 

45.2 

56.0 


Note: In the June examinations of Field 2, 164 canes were examined by Mr. Elliott 
at Paauliau Sugar Plantation Company. 

Most of the cane of Table 2 lying below 900 feet elevation. 


2 
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TABLE 3 

Seasonal Activity of Borer Parasite C, sphcnophori 

Percentage 



No. Parasite Larvae 

No. Empty Parasite 

of Developing to 

Month, 1924 

and Pupae Found 

Puparia Found 

Emerged Parasites Found 

February 

11 

94 

10.4 

March 

42 

294 

13.2 

Ap'ril 

53 

354 

13.0 

May 

...... 136 

291 

31.8 

June 

236 

440 

34.9 

August 

27 

26 

50.9 

September 

181 

430 

29.6 

October 

107 

296 

26.5 


TABLE 4 


Parasitism of Cane Borer in Top, Middle, First 3 Feet {ind Bottom of Cane Stalk. 
Borer Larvae Iinduded in Calculation. 
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811 1304 
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1005 

1843 

35.2 


Bottom of Stalk 


;o 


o 




•-< 

cn 


N 

Cb 


636 1697 27.2 


Actual Parasitism by Section 
Borer Larvae Excluded in Calculation 


481 705 40.5 


633 752 45.7 


913 995 47.8 


611 1081 36.1 


TABLE 5 

Part of Stalk Attacked by Borer — All Fields Comliiried 

Number of Borer Channels in 5,819 Injured Stalks 

Top Middle First 3 Feet Above Bottom Bottom 1 Foot 
1945 2622 3688 3449 


Per Cent Parasitism . 
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TABLE 6* 

Oune Borer Parasitism on Maui, Oahu and Kauai 

No. 



Bates of 

Groups of 

No. Beetles 

Percentage 

Locality 

Examination 

Fly Pui)ae 

Emerged Plus 

of 


1924 

or Puparia 

Beetle ITupae 

Parasitism 

Experiment Station, H. S. P. 

A.... March 7-15 

320 

198 

62.2 

Experiment Station, H. S. V. 

A . . . . April 9-10 

375 

105 

09.4 

Experiment Station, H. S. P. 

A May 2-H 

238 

308 

39.2 

Experiment Station, H. S. P. 

A.... October 14 

44 

13 

77.1 

Experiment Station, H. S. P. 

A . . . . December 19 ... . 

80 

75 

51.6 

Pioneer Mill Company, Ltd. . 


0 

3;) 

14.0 

Pioneer Mill (h)m[)any, Ltd. . 

Marclj 18 

38 

13 

74.5 

Pioneer Mill Coinjiany, Ltd.. 

March 18 

3 

5 

37.5 

Wailukii Sugar (kiinjiany . . . . 

March 20 

17 

52 

24.0 

Wailuku Sugar Coin]»aiiy . . . . 

March 20 

41 

93 

30.5 

Kaeleku Sugar Company, Ltd 

March 21 

.30 

7 

81.0 

Maui Agricultural Co., Ltd.. 

March 25 

17 

. 28 

37.7 

Olowalu (^)m])aiiv 

March 20 

12 

23 

34.2 

Hawaiian Commercial & Suga 

r Co . . Marcli 20 


13 

13.3 

Hawaiian Commercial & Sugar Co.. March 2(1 

7 

10 

41.1 

Waipio, Oahu 

April 29 

41 

19 

08.3 

Koloa Sugar Compaiiv 

-lulv 12 

OS 

22 

75.5 

Kahuku Plantation Company. 


27 

31 

40.5 

Kaliukii Plantation ('ompaJiy. 


10 

8 

55.5 

Kahuku Plantation Coinj>any. 

Tan. 2, 1925 

25 

45 

35.7 



1407 

1 223 

40.5 


Progress of the Raw Sugar Industry^ 


By W. VAN H. Ditker 

Soon after your Chairman had requested me to report to you on tlie “Progress 
of the Raw Sugar Industry,” I realized that, in order to do so, we must first 
agree upon what we understand ])y progress; in other words, we must liave a 
standard with whicdi to measure progress. This, in itself, is not quite so simple, 
l)Ut, in answer to a rectuest made to several prominent men engaged in the sugar 
industry for a definition of what constitutes progress in the sugar industry, I 
think Mr. Herbert Walker gave one most to the point when he considers progress 
'‘the ratio between service rendered and energy expended,” to which he modestly 
added that he preferred to leave the development of the ratio to others. Again, 
we may consider that the industry makes progress the nearer it fulfills its object 
as a commercial encerprise. 

* Bata secured by Mr. O. H. Sv/ezey. 

f Presented at Third Annual Meetinjj of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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At the annual convention of the United States Chamber of Commerce, the 
following definition was agreed upon as the object of business: 'The function 
of business is to provide for the material needs of mankind, to increase the wealth 
of the world and the value and happiness of human life/’ 

However, to keep our feet on the ground and to write a report acceptable to 
this convention, I decided to confine myself more particularly to the technical 
development of the raw sugar industry of Hawaii, to facts and figures relating 
thereto, the causes of its development and the possibilities of its continuance. 
Thirty-three years ago the world’s sugar production was 6,000,000 tons : 


Cuba's production was 675,000 tons 

Java’s production was 360,000 

Philippines’ production was 160,000 

Hawaii’s production was 130,000 “ 


For the crop 1923-1924 (the nearest estimate at this time) the world’s sugar 
production is 20,000,000 tons. 


Cuba’s sugar production is 4.200,000 tons 

Java’s sugar production is 1,830,000 “ 

Philippines’ sugar production is 525,000 

Hawaii’s sugar production is 678,000 “ 


In addition to this, I submit the following statistics, while I would venture 
to remind those who doubt if we make progress at all, that a developing industry 
has much in common with that of a human life; a child’s weight and height 
double themselves every six months, year, two or three years in the first years 
of its life, while an adult stops growing or grows so slowly as to be hardly 
aware that he is doing so. Would you deduce from this that a boy of six years 
of age is superior to a man of forty? 

Production of sugar by islands in periods of 10 years each : 


1894-1904 

1904-1914 

1914-1924 


Hawaii 
1,120,524 tons 
1,643,021 " 
2,059,257 " 


Maui 

478,188 tons 
1,195,807 " 
1,362,645 " 


Oahu 

563,083 tons 
1,259,294 " 
1,417,560 “ 


Kauai 

576,623 tons 
874,077 “ 
1,093,251 “ 


1894-1904 

1904-1914 

1914-1924 


Totals for the Group 

2,738,418 tons 

4,945,199 " 

5,932,715 " 


In analyzing what has caused this rapid development, we find that coopera- 
tion of capital and science are the very foundation. As early as 1883 the sugar 
planters combined in their effort to secure suitable labor supply, which combina- 
tion later developed into the Hawaiian Sugar Planters’ Association with its 
many and ever increasing number of fields of activity. 
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In 1895, the Experiment Station was organized and from that time on dates 
the more tangible development of the technical side of the industry. Studying 
the past records, we find a worthy list of inventions to the credit of progressively 
spirited local sugar men who have in no small measure been instrumental in 
making the industry what it is today. 

Of the many locally developed labor saving devices and improvements of 
manufacturing machinery which have lasted through the years and have proven 
their worth, we have : 

1. Weston Centrifugal, 1855, by D. M. Weston, Manager, Honolulu Iron 
Works Company. 

2. Juice Strainer, Cush Cush l^levator and Automatic Bagasse Feeder, 1895, 
by John A. Scott, Manager, Hilo Sugar Company. 

3. Wick’s Cane Unloader, 1901, A. Wick, Chief Engineer, Honokaa Sugar 
Company. 

4. Rotary Bagasse-Feeder, 1904, Max Lorenz, Consulting Engineer, H. 
Hackfeld & Company. 

5. Clarifying Centrifugal, 1909, E. W. Kopke, Consulting Phigineer, Hono- 
lulu Iron Works Company. 

6. Messchaert Juice Grooves, 1913, P. A. Messchaert, Superintendent, Oahu 
Sugar Company, Ltd. 

7. Searby Shredder, 1914, Wm. Searby, Superintendent, Hawaiian Commer- 
cial & Sugar Company. 

8. Ewart Bagasse Conveyor, 1916, A. F. Ewart, Works Manager, Honolulu 
Iron Works Company. 

9. Ramsay Maceration Scraper. 1916, ^\^ A. Ramsay, Manager, Catton, 
Neill & Company. 

10. H. I. W. Company, l*atented Steel Check, 1916, W. G. Dyer and A. F. 
Ewart, Engineers, Honolulu Iron Works Company. 

11. Foster Motor Fuel, 1917, J. P. Foster, Superintendent, Maui Agricul- 
tural Company, Ltd. 

12. Meinicke Chutes, 1921, J. Meinicke, Chief Engineer, Maui Agricultural 
Company, L,td. 

13. Peck’s Revolving Juice Screen, 1922, S. S. Peck, Consulting Chemist, 
Alexander & Baldwin, Ltd. 

14. Cast Steel Top-Cap with Hydraulic Jack Incorporated, 1911, W. Ci. 
Hall, Manager, Honolulu Iron Works Company. 

The Chemical Division of this Association is, of course, primarily interested 
in the queslion of recovering the largest quantity of sugar out of the cane at the 
lowest possible cost. 

Taking as a basis the average per cent sucrose recovery for the period of 
the years 1909 to and including 1913, wx find this at 85.46 per cent (85.d698). 
The average total recovery of sucrose during the period of the next ten years is 
87.558 per cent. 

During the period (1914 to 1923) 6,545,297 tons sucrose were delivered in the 
cane to the factories. If the percentage sucrose recovery had remained at the 
average figure for the five years 1909-1913, 5,791,151 tons sugar (at 96.6 Pol.) 
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would have been the output. Due to the application of technical knowledge and 
the improvement of equipment, 5,932,715 tons sugar at 96.6 Pol. were marketed 
or 141,564 tons more. At as moderate a valuation as $75.00 per ton this has 
meant an additional $10,617,300 for the ten years. 

Two factors have been at work to make such an accomplishment possible; 
first of all, the period of increased efficiency and standardization, which period 
I should like to call the Gartley period, since he was the man who succeeded in 
arousing the necessary interest and enthusiasm; and, secondly, the exchange of 
mill data and the annual synopsis thereof. To those who depend in their judg- 
ment upon information contained in these data, this synopsis or study of factory 
accomplishment is of the greatest value. 

I hope that at this meeting some details of this synopsis as well as some de- 
sirable alterations and additions to the weekly report of Comparative Mill Data 
will come up for discussion. These reports are extensively used and its publi- 
cation eagerly awaited by the ambitious engineers and factory superintendents. 
If, in addition to the data now already published, a figure could be included 
giving, weekly or monthly, the percentage total sucrose recovery to date for each 
factory, in order to draw more attention to this figure and less to the extraction 
data, which, after all, is only an intermediate figure often wrongly taken for total 
output or yield, its value would be materially increased. 

As an illustration of what has been accomplished in a group of factories, not 
so much by any radical change of equipment but by a systematic and sustained 
effort of the plantation management in cooperation with those immediately in 
charge of operation, I quote the following: 


Ffictory Losses Exprt\ssed in Per Cent Buerose Keeoverecl on Sucrose in Cano 



Waiakea 

Laupahoehoe 

Kaiwiki 

Hamakua 

Honokaa 


Mill Co. 

Sugar Co. 

Sugar Co., Ltd. 

Mill Co. 

Sugar Co. 

1920 

. 82.8 

88.3 

85.9 

79.0 

84.5 

1921 

83.6 

86,3 

85.7 

78.6 

81.6 

1922 

85.3 

87.4 

86.0 

80.3 

85.3 

1923 

. 86.6 

87.7 

86.5 

86.2 

86.6 

1924 

86.8 

88.2 

87.2 

86.7 

87.4 




Niulii Mill 

Halawa 

Union 



& Plantation 

Plantation, Ltd. 

Mill Co. 

1920 


74.0 

76.5 

77.3 

1921 


80.0 

71.7 

74.4 

1922 


81.8 

78.0 

80.0 

1923 


81.8 

78.8 

82.6 

1924 


82.6 

83.7 

83.2 


However, great and remarkable as the technical development of our industry 
has been in the past twenty years, I believe that from now on our greatest gain 
must come from a further improvement in the quality of the cane as we receive 
it at the mills, since our records show clearly that no factory improvement is 
abl^ to recover the losses due to deterioration of the raw mfaterial itself and I 
heartily ^gree with the statement of Mr. J. P. Foster, of Paia, that the future 
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development depends on our success in learning more about the quality of the 
impurities and in overcoming its influence on the yield. 

In a broad sense, the development of the sugar industry is practically un- 
limited. The consumption of sugar in the United States in 1922 was 112 lbs, 
per capita. In 1900, it was 70 lbs. In Europe, the per capita consumption is less 
but up to the outbreak of the war it was increasing rapidly and the increase is 
certain to be resumed as pre-war conditions are reestablished. The world’s sup- 
ply of sugar for the year 1924 is estimated at 20 million tons. The con- 
sumption will about equal this supply, but if the per capita consumption of the 
world’s total population were equal to that of the United States 80 million tons 
would be required to supply the demand. 

According to evolutionists, it took millions of years to form a tadpole and 
other millions of years before the tadpole dropped its tail and crawled out to 
live on land. Growth is slow. This is one scientific principle that has never 
been disputed, though it is little recognized in the modern world. 

(ireat problems are immediately ahead of us, well worth the study and thought 
of everyone connected with the technical development of the industry. Eliminat- 
ing the refinery operations and making refined sugar direct from the cane is 
one of them; recovering the sucrose now lost in our final molasses and amounting 
to from 6 to <S per cent of the total supplied to us by nature is another. 


Sugar Cane Breeding at Coimbatore, India* 


By T. S. Vknkatraman f 


] NTROnUCTION 

Leaving out of account for the time sporadic, often nnauthenticated and 
generally unsuccessful attempts at growing sugar cane from seed, the first success 
in this direction in India was achieved in the year 1911 by Dr. C. A. Barber, 
C. I. E} 

This led to the foundation at Coimbatore of a sugar cane-breeding station 
for the whole of India with the definite object of improving the quality of the 
indigenous Indian canes. The very poor quality of these canes — some of them 
the poorest specimens of cane in the world — is one of the main reasons for the 
very low acre yields obtaining in India. The low yields render it necessary for 
India to import from outside, annually, refined sugar valued in most years at 
over fifteen crores of rupees or ten million sterling in spite of her possessing 
within her own confines nearly half the w^orld area under sugar canes. 

* Presented in part at Third Annual Meeting of Association of Hawaiian Sugar 
Technologists, Honolulu, October 27, 1924. 

t Goveriiinent Sugar Cane Expert, Coimbatore, India. 
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In view of the increasing attention that, in recent years, is rightly being given 
to the breeding of sugar canes in various parts of the world, it is thought it 
might be of some use to briefly sketch in this note certain details of the technique 
as adopted at the Coimbatore station. This increased attention is not a little due 
to the outbreak in certain localities of new, little understood and serious diseases 
of the cane crop. Certain noticed differences between the Indian work and that 
done elsewhere, together with the apprehension that the Indian work is but little 
known outside as judged from references in published papers, have been addi- 
tional inducements for writing this note. 

Need for Careful Study of Parents 

While the wide diversity of forms from a variety even when self-ix)llinated, 
is easily the first observation that strikes a sugar cane breeder as he starts his 
work, a certain similarity in the seedlings obtained from the same parent soon 
forces itself on his attention as the work extends. The indigenous Indian canes 
are of a type quite distinct from the tropical kinds and striking differences be- 
tween the seedlings raised from each class soon revealed themselves. It was 
further found that subtle, but none the less appreciable differences, separated 
batches of seedlings obtained from even allied parents. 

It was found that the tropical canes generally yielded types unsuitable for 
introduction into Northern India with its short growing season for cane and tlie 
rigours of winter, frosts not being uncommon in certain localities; and over 
80 per cent of the Indian cane area is situated in such tracts. On the other 
hand, the seedlings from the only group of Indian canes which freely set seed 
proved to be no improvements on the parents ; the bulk of these suggested going 
back in the direction of the wild Saccharnms. 

Attention was, therefore, early turned to the raising of crosses between the 
hardy Indian canes and the rich tropical kinds as the most promising line of work 
for the station. This line has proved so fruitful of ])ractical results that, in 
recent years, all the lakh or lakh and a half of seedlings raised each year have 
been obtained after definite and often complicated cross pollinations. 

Realizing that the conditions of growth for cane in Northern India are far 
from satisfactory, an early collection of the wild Saccharums was made with a 
view to use them as parents and their field characters carefully studied. This 
day some' of the most useful seedling canes, already introduced into cultivation 
in North India contain the wild blood in one or more of their grand or great- 
grandparents ; and, it is believed, that their success under the trying conditions is 
largely due to this parentage. Though more than one wild Saccharum was used 
in the cross pollinations, Saccharum spontaneum alone has been found of value. 

For designing cross-pollination operations one of the first essentials is a 
knowledge of the type of seedlings each parent gives rise to. Consequently, 
every yariety that happened to arrow had its flowers collected — if possible after 
selfing — seeds sown and the characteristics of the resultant tx)pulation recorded. 
The data, so far collected, though far from being accurate for drawing definite 
conclusions as to the inheritance of characters in the sugar cane are of consid- 
erable practical use in designing the crossings. Inherent difliiculties in the work 
have so far prevented the elucidation of any laws in the matter of inheritance. 
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It has been found for instance, that vig^or and hardiness could be induced in 
a population by crossing with Saccharum spontaneum; that such crossing appre- 
ciably lowers the sucrose and purity in juice; that short but erect seedlings are 
obtained from mating with Mauritius seedling No. 1237; that increase in sugar 
contents could be secured by using Barbados 208, Vellai, B. 3412, P. O. J. 100 
and Co. 214; that one should be prepared for considerable amount of bad habit 
and spotting of leaves if any of the members of the Indian group of Saretha 
canes are used as parents; that early maturity could be induced by using Co. 
214, D. 74 and 100 P. O. J., and that late maturity generally results from using 
Saccharum spontaneum. 

Selfing and Use of Ceoth Bags in Sugar Cane Breeding 

The Coimbatore experience in the matter of selfing is rather limited as it was 
early found that this line of work was not likely to be of use in the solution of 
the Indian problem. Enclosing sugar cane flowers inside cloth bags either for 
selfing or for protecting the artificially cross pollinated arrows from other un- 
desired pollen had also soon to be given up as serious defects were noticed. 

Firstly, the bagging was found to have an adverse influence on the seeding 
of the enclosed arrow attributable apparently to the rather unnatural conditions 
obtaining inside of the bags ; the temperature inside of the bags was found to be 
higher than that outside, sometimes, by as many as ten degrees. ^ 

Secondly, it was found that cloth of even fine texture did allow a certain 
amount of pollen to pass through its meshes. On more than one occasion arrows 
carefully bagged showed in the resultant seedlings unmistakable indications of 
foreign pollen. One rather remarkable instance of the kind was the rather free 
germination of an arrow enclosed in muslin, the arrow not possessing any fertile 
pollen of its own. In tliis instance the seedlings obtained showed on germination 
unmistakable signs of the blood of a wild cane flowering in close vicinity. 

Certain oliservations made while extensive bagging was in practice are here 
recorded. The liags in the field need constant and careful supervision to j^revent 
entry into them of rats and squirrels which often find in them a snug abode for 
themselves and their little ones. The rather warm fuzz comes in handy for nest- 
ing and bedding. Secondly, the bags are best held firmly in their position by 
planting the main supporting bamboo on the windward side and further fasten- 
ing the bag to a shorter bamboo planted on the opposite side. Tliirdly, the bags 
require constant lifting up and adjustment to prevent the vigorously growing 
arrow from touching the bags at the top and incidentally exposing the stigmas to 
pollination from outside through the meshes of the bag. Fourthly, in the event 
of rain the arrows soon develop fungoid growths, doubtless due to the warm 
and humid conditions prevailing inside the bags and need to be collected as 
quickly as possible after they are ready. Fifthly, the bags need inside of them 
some kind of frame work to stretch them out and not allow the cloth to touch 
the arrows inside of them. Both iron and bamboo frame works were used ; the 
latter are preferable as they keep the bags cooler. 
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Cross-Pollination in the Sugar Cane‘^ 

As already mentioned the bulk of the seedlings at Coimbatore have been 
obtained through crossj-pollination. The more important of the methods employed 
are briefly described below mentioning the advantages or disadvantages asso- 
ciated with each. 

(1) Emmculation: After trial for two years emasculation had to be given 
up as unsuitable because of (a) the extreme delicacy of the floral parts, even 
a violent bending of the axis sometimes prejudicially affecting the seeding of 
the arrow, (b) the minuteness of the parts necessitating the operations being done 
under a high magnifying lens, (c) the inconvenient height at which the operations 
have to be carried in the field, heights of fifteen feet from the ground not being 
uncommon and (d) the slowness and the paucity of results, a large number of 
the operated flowers withering away from the handling. If anything, it was 
particularly unsuited to the Coimbatore station which, in the first instance, was 
sanctioned experimentally for a period of five years. 

(2) Bagging Together Arrows of the Two Parents: This consisted of 
bringing together inside the same cloth bag arrows of the two parents and trust 
to the crossing taking place* inside of the bags. The method was found to possess 
serious defects. Firstly, it was not always possible to bring the desired arrows 
into the same bag however close the varieties may have been designedly planted 
in the first instance. Secondly, it was found that the juxtaposed plants sometimes 
either did not arrow at all or arrowed at different dates. Thirdly, the arrows 
often came out at difTerent heights rendering their being bagged together very dif- 
ficult, if not impossible. 

(3) Placing Inside the Bag Each Day an Arrow of the Pollinating Parent: 
The arrow which it is desired to use for pollination is cut the previous evening, 
the bottom of the stalk stuck into a bottle containing water and hung up inside 
the bag a little above the enclosed arrow. Next morning the anthers protrude, 
liberate the pollen and cross-pollination is secured. The liberation of the pollen 
is sometimes facilitated by an operator going round the next morning and gently 
tapping the arrow at the right time. The pollinating arrow has to be cut at a stage 
when it is likely to yield the maximum amount of pollen on the succeeding day, 
i. e., when the anther protrusion in the arrow, which is generally from top down- 
wards, is within one-third from the top. Sometime after the pollination the 
arrow has to be removed from the bag to avoid its seeds getting mixed with those 
of the pollinated arrow. In this method each day and for each pollination one 
arrow of the father has to be sacrificed. The operation has to be repeated from 
three to four days to ensure a satisfactory pollination of the bulk of the stigmas 
in the mother arrow. The method has proved very satisfactory a})parently be- 
cause the pollen remains in its own receptacle till actually liberated when it falls 
directly on the stigmas. The method has been in use at Coimbatore from the 
year 1912. 

(4) Dusting the Mother Arrow veith Collected Pollen: This consists in sur- 
rounding the father arrow with a tissue paper bag sometime before anther 
protrusion, gathering the pollen immediately after anther dehiscence and dust- 
ing, the pollen over the mother arrow. The pollen has to be used almost ini- 
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mediately after collection because it quickly loses vitality ; this greatly limits the 
number of cross-pollinations that can be effected on a particular day. The method 
does not lend itself to the effecting of a large number of different cross-pollina- 
tions except with a correspondingly large number of operators. It has one ad- 
vantage over the method previously described in that the arrows of the pollinat- 
ing parent need not be destroyed and hence are available for pollen collection 
from three to four days. In this method also the pollinations have to be re- 
peated three to four days to ensure, a dusting of the bulk of the stigmas. 

For sometime blowing the collected pollen on to the stigmas by means of a 
“blowing ball” was attempted, the pollen being kept in gelatine capsules.^ 
Great economy of pollen resulted therefrom but the inevitable handling asso- 
ciated with it has thrown it rather into disfavour in recent years. 

(5) Dustini^ the Mother Arrozo zdth Pollezi Preserzu'd Largely in Its Ozen 
Anthcr-Saes: In tins method such branches of the pollinating arrow as are likely 
to protrude their anthers during the day are scissored off fairly early iit the 
morning and well before anther protrusion in the arrow. Ability to pick out 
such branches comes easily with a certain amount of experience. The branches 
are now wrapped loosely in tissue paper, each ])aper packet containing a few of 
the branches. The paper packets are now stored in small bamboo baskets very 
much like the ones used for storing and transporting fruits and vegetables, i, e., 
baskets with plenty of air holes in them. Care is taken to see that in a basket 
the packets of only one variety are stored ; this is done to avoid mixtures. The 
baskets are now stored until needed in the cool shade of the sugar cane plants. 
When the mother arrow is ready f(w pollination the basket with the paper packets 
is taken to the ])lace, one of the ixi|)er packets gently unwrapped and the arrow 
l)ranches shaken over the stigmas it is intended to cross-pollinate. If during 
the o|)eratioii a jierceptible pollen cloud is not noticed the second packet is taken 
out of tlie basket and is similarly dealt with. The chief advantage of the method 
consists in the fact that; inside the paper packets the ])ollen continues viable for 
a longer period than otherwise, sometimes by two hours. This prolonged viabil- 
ity has been estaldished both by artificial germination of the grains and also 
from the seed setting of the arrow after the operation. It has been found that, 
even if the anthers do open inside the paper packets, the pollen largely remains 
in the sacs and is mostly liberated only as the branches are shaken over the 
stigmas. This is the method now largely in vogue and has been found the most 
satisfactory, so far, in efficiency, economy of pollen employed and economy in 
the number of operators that are needed for effecting the same day a large 
number of cross-pollinations. 

Use of Bags in Cross-Pollinations 

In view of the adverse effect on seed setting and the other defects con- 
nected with the use of cloth bags already mentioned, experiments were made 
leaving the cross-pollinated arrows unbagged and the results obtained appear 
to be satisfactory. It has been found that, so long as the artificial cross-polli- 
nation is done at the right time and with plenty of the desired pollen of proved 
vitality, the results are by no means unsatisfactory. In such cases the desired 



194 


effect appears to be attained by the pollen employed getting a start over other 
wind-borne pollen that may reach the stigrnas later. The efficiency of the polli- 
nation can be enhanced by surrounding the pollinated arrow with a paper cylinder 
at the time of dusting. The arrangement, by confining the pollen to a smaller 
cubic space round the arrow, secures a more efficient pollination. 

It has to be admitted that unbagged crosses effected in the above manner 
will not furnish satisfactory material for a scientific study of the laws of inheri- 
tance in the sugar cane ; but against this it has to be remembered that even cloth 
bagging does not absolutely rule out access to' outside pollen. In breeding work 
undertaken chiefly with the idea of rapidly achieving practical results the method 
has a wide sphere of usefulness. 

Cross-Pollinating Varieties Rich in Own Polt.en 

For a long time it was the practice ,to artificially pollinate only such varieties 
as do not possess healthy pollen of their own; such varieties were chosen be- 
cause of the impossibility of the collected seed including any selfed ones. The 
very varied needs of the station, however, rendered desirable to employ a wide 
circle of parents including those which possess healthy pollen of their own. 
Experience gained during the last half a dozen years has shown that the desired 
crosses with but very little chances of selfed seeds could be obtained even from 
the latter class of varieties by pollinating the mother arrow at the right time 
and with plenty of the intended pollen well before the dehiscence of its own 
anthers. In these cases the desired result appears to be obtained from the dusted 
pollen getting a good start over any self pollen that may reach the stigmas later. 

The crossing done at Coimbatore has mostly been between tropical canes usetl 
as mothers and the hardy Indian canes. The anthers of the former class, gen- 
erally, open much later in the day than those of the latter class ; a difference of 
two hours has l)een noticed in certain cases. This fact has greatly facilitated 
the pollination described in the previous paragraph. 

Pollen Viability Tests 

In all such work it is important to test the pollen used for viability at each 
stage. In the earlier years a great deal of time and energy was wasted owing 
to the non-availability of a reliable test for viability. In the year 1920, however, a 
satisfactory test was discovered.^ The pollen, it is desired to te.st, is sown on live 
stigmas of Datura fastuosa, when viable pollen quickly germinates. Other workers 
have used the stigmas of the tobacco plant for the purpose.'^ Frequent tests for 
viability are very important in the sugar cane because of the rapidity with which 
it loses viability. 

PrejjErvation of Cane Pollen by Controlling Anther Dehiscence® 

It was often found that the two varieties, it is desired to cross with each 
other, arrowed in different places separated from each other by railway journeys 
of varying periods. Experiments undertaken for preserving pollen during trans- 
port have yielded a fairly satisfactory method. The method essentially con- 



195 


sists in preventing the anthers from protrusion and dehiscence by creating humid 
conditions around the sugar cane arrow during transport. So far it has been 
possible to preserve pollen in this manner for about ten days. 

A striking use of this method in a rather difficult cross-pollination is described 
below. It was desired to effect a cross between Sacchariim spontaneum* as 
mother and a tropical cane “Karun” as father ; but this was rendered difficult 
from the fact that the anthers of the former open much earlier than those of 
the latter, the approximate timings being respectively 6 a. m. and 8:30 a. m. By 
preserving the arrows of ‘‘Karun” in a special crate the above cross has since 
been successfully accomplished. The resultant seedlings now growing at the 
station show, in some of them, unmistakable traces of Karun blood. 

Test for Pistil Fertility** 

For a long time past the presence of starch inside the cells of the style 
branches has been used as a sign of pistil fertility. The test has enabled the 
raising of crossed seedlings with a high degree of certainty as to results. Other 
workers, however, have not found the test quite reliable. The correlation was, 
therefore, reexamined within the last two years, over 300 varieties and seedlings 
being subjected to the test. It has been found that, wheras it is a test of con- 
siderable value in the Indian varieties, it does not work satisfactorily in the 
tropical canes and breaks down in the case of new seedlings. This is of some 
interest and needs further investigation. 

Value of Special “Arrowing” Plots in Sugar Cane-Breeding 

It has been found a great advantage to plant what in the station are termed 

“arrowing” plots for carrying on the cross-pollination work. These are special 

plots laid out away from the main fields and are sometimes situated under differ- 
ent conditions, 'rhey are also sown often at a different time from the main 
[)lots. Certain of the advantages derived from them are here mentioned. First- 
ly, as varieties differ considerably in their value as parents, the special plots 
enable the growing of a large number of plants of the most desirable parents. 
Secondly, canes intended for arrowing sometimes need a treatment different from 
that for the main plots. It has been found that a vigorous growth ii\ the early 
stages followed by a clieck, induced at Coimbatore by special ill treatment of 
the plants, is conducive to arrowing; the special plots enable such treatment 
being given. Thirdly, varieties in such plots frequently arrow at a time slightly 
different from those in the main fields, undoubtedly due to the difference in treat- 
ment. The slight differences in time of arrowing have often materially helped 
in the cross-pollination work. Indeed it would appear profitable to plant the 
useful parents under as many conditions of soil and irrigation as may be avail- 
able at any station. 

Collection and Storage of Sugar Cane Arrows for Sowing 

The best stage to collect arrows for sowing is when the florets begin to 
separate from the top branches and drop off. Even arrows collected at a stage 
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as immature as to have the anther protrusion still in progress from the bottom 
branches have been known to germinate from the top branches; such seedlings 
generally turned out to be weak and showed a high degree of mortality. 

In an arrow the 'largest number of fertile seeds are genemlly found in the 
top two thirds. Should there be rain the arrows need to be collected some little 
time after to allow their drying; arrows containing moisture quickly develop 
fungoid growth on storage. 

Immediately after collection the arrows are loosely packed in tissue paper 
with full details written on a label placed inside of the packet and on the out- 
side of the paper wrapper. Only a few arrows — not more than ten — are placed 
in each packet ; this is done to allow a good aeration. These packets are dried 
in the sun for a couple, of days to eliminate any moisture in them. 

The packets are then taken to a closed room and the fluff collected on a sheet 
of tissue paper spread on the ground, the dislodgment being facilitated by tap- 
ping the arrow or gently passing the fingers down the arrow. In this operation 
the arrows are held over the paper, bottom upwards. The collected fluff is 
again wrapped loosely in tissue paper and labelled as before. The packets are 
not to be stored in great heaps or inside closed receptacles; they need plenty of 
\'entilation and are best spread out on* tables. The stored packets need pro- 
tection against rats and ants. These are generally sown about two weeks after 
collection and, though definite experiments have not been made, the impression 
has been formed that if sown immediately after collection, the seedlings exhibit 
a higher mortality. 

Germination and the Early Stages of Growth^ 

Semnng and Germination: For sowing, shallow, circular, country earthen- 
ware pans — 12" across at top, 9" at bottom and 6" high — have been found 
satisfactory. Previous to sowing the pans are numbered with some water- 
proof paint. Suitable provision having been made for free drainage at bot- 
tom, the pans are filled with a mixture of equal parts of well rotted horse dung 
and sand. The fluff is now laid in an even thin layer on the surface and the 
first watering done from a garden rose held 3 feet above the pans. The force 
of the impact gathers round the tiny seeds a small amount of soil and this 
facilitates germination. The quantity of water employed should not be 
such as to form a pool in the pan, as it leads to the seeds all getting to one side 
and germination is affected. Immediately after sowing, the pans are arranged 
in groups — each group containing all the pans of a particular lot — and each 
group is separately labelled with details as to variety sown, date of sowing and 
other details. For this purpose paper labels first written in pencil or Indian 
ink and subsequently dipped in melted paraffin wax have been found useful ; 
they are unaffected by the frequent watering}^ Germinations have not been noticed 
earlier than three days from sowing; and pans not germinating within a fort- 
night have rarely been found to do so later. 

fVatering: At Coimbatore, it has been found necessary to water the pans 
as often ^as three to four times during the day. The watering is always done 
through a .garden rose. For proper germination it has been found necessary 
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to keep the fluff always moist. After germination the plants need much less 
water, as the roots quickly develop and traverse a good bit of soil. The young 
cane plants are often very susceptible to excess of water and quickly turn yellow. 

Precautions Durini^ Early Staj^es: It has been found useful to place the seed- 
ling pans ; on raised bamboo platforms about 2^2 to 3 feet from the ground. 
Besides facilitating constant inspection of the young plants the arrangement is 
of use against ants and crickets. It has been found best to place the seedlings 
in full sun. The young sugar cane plants appear to revel in full sun and are 
rather susceptible to any kind of shade. In one instance the circular shade 
from a coconut crown marked off a corresponding circle of weak and unhealthy 
plants in the pans placed under it. 

Weeding; and Thinning of So 2 cn Pans: The appearance of a large numl)er of 
grass seedlings, which in the earlier stages look much like those of the cane 
and hence are difiicult to weed out, is a trouble of some importance. At Coim- 
batore, the two weeds chiefly met with in the pans are Chloris harbata and 
Cynodon daefylon. It was found that the num])er of these could l)e greatly 
minimized if the horse dung, which is apparently the chief source of infection, 
is pitted for a couple of months before use and periodically watered. The heat 
generated in the pits appears to cause the death of the grass seeds. As an 
additional precaution the filled [)ans are allowed to remain unsown from ten 
to twelve days and occasionally watered during the period. The grass seedlings 
that come up are pulled out and the pans are now ready for sugar cane grow- 
ing. The very few grass seedlings that appear even after the above precautions 
are easily removed by trained laborers. Should the pans be found very crowded, 
and contain say more than two or three hundred seedlings, they need pricking 
after a fortnight into a second set of pans. If the germination is thinner the 
pans may be left till they are ready for planting in the first ground nursery. 

'J'lic First Ground Nursc^’y: iMelds with a fair admixture of sand are chosen 
for this as well as for the second ground nursery. I'hey are prepared as for 
an ordinary cane crop, except that the surface needs to be cultivated with extra 
care to secure a fine tilth. Raised beds are formed, each bed being two feet 
broad, four inches high and any convenient length, the last depending on the 
lay of the land. The beds are spaced two feet apart, the soil l)etween adjacent 
l)eds being used for raising them. The space between the beds facilitates con- 
stant inspection of the young plants. 

Seedlings are transplanted to this nursery after they have been a month in 
the earthenware pans and, as far as possible, with a little ball of earth round 
the roots. The seedlings are planted out in rows running along the breadth 
of the beds with a spacing of two and a half inches between rows and one inch 
between plants in the row. For marking the positions of the plants a bamboo 
framework wdth nails driven in at suitable distances has been found useful. 
The beds are watered immediately before and after the transplanting, the former 
to receive the seedlings and the latter to compact the soil round the roots. 

Watering of the beds is done with a garden rose till the seedlings are well 
established, when irrigation from channels laid in between the beds can be 
started. It is desirable, however, to postpone the latter kind of irrigation till 
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the plants are strongly rooted. Seedlings that may get slightly dislodged during 
the waterings should be carefully placed in position and the soil round them 
compacted; this is necessary chiefly soon after the transplating. 

When the seedlings are grown about four inches, a combined hoeing and 
earthing is given by drawing firmly a sharp piece of bamboo in between the 
rows. With this operation the soil automatically heaps itself a little on both 
sides of the seedling rows. No shade is raised over the plants. The plants 
are allowed to grow in this first ground nursery for about two months when 
they would be found to have grown to about nine to twelve inches. While 
planting into this nursery no selection is made; only the dead and the very 
meagre plants are left behind in the pans. 

The Second Ground Nursery: Land for this nursery is prepared in the same 
manner as for the first. It is then marked into plots, each plot being ten feet 
wide and of any convenient length. Drains, irrigation channels and paths are 
formed as indicated in the plan. Each plot has an irrigation channel on one side 
of it and a drain on the other. Each drain serves the two plots on either side of it 
and the irrigation channel between two adjacent plots is separated by a path. 

The plants in the first nursery are prepared for transplanting into the second 
by a rather drastic trimming of the leaves to compensate for the loss of roots 
during the uprooting and the transplating operations. With the help of a hand 
hoe shallow V-shaped grooves are cut into the ground along the width of the 
plots at a distance of eighteen inches from one another. The prepared plants 
with balls of earth round the roots, are placed in these grooves six inches apart 
and slightly watered. The removal of plants from the first nursery with balls 
of earth round the roots is greatly facilitated by the condition of soil in that 
nursery and by the fact that the plants are in beds raised from the ground level ; 
the latter easily enables an operator to work round the plants. * The plants are 
placed in position in the rows by raising a ridge of soil all along the row. Im- 
mediately after the ridging a copious irrigration is given to the plot. 

For satisfactory results it is essential that the irrigation in the second nursery 
should be gentle, copious and of a soaking nature. This is secured by irrigating 
at the same time ten to twelve rows in the plot and by handling more than one 
plot at the same time. Water is led into the irrigation channel of the plot right 
to the farthest and lowest end. As there are no bunds separating the irriga- 
tion channel from the trenches between the rows of canes water would first 
fill in the end rows. When ten to twelve rows are thus irrigated, a bund is 
placed across the channel and a second set of ten to twelve rows receive the 
water. These rapidly fill in when a second bund is placed across the channel 
and water turned onto a third set of rows. A plan is given indicating the manner 
in which the irrigation is done. In this irrigation, irrigation water never touches 
the stems or leaves of the seedlings as they are situated on raised ridges. The 
drain in between the plots is of considerable use for drawing off any excess 
of water in the trenches after rains Or an irrigation. The irrigation above 
described consumes a fairly large amount of water but it appears to be neces- 
sary for a satisfactory and uniform growth of plants in the second nursery. 
At Cojjmbatore such irrigations are given about once a week. 
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No shade is raised over the seedlings in the second nursery ; any shading 
only prolongs the life of the weaklings. When planting from the first to the 
second nursery no special elimination is attempted. It would appear to be 
rather risky to attempt any eliminations before the full growth in the second 
nursery ; certain seedlings which were rather poorly in the first nursery have 
suddenly bucked up in the second and have since proved useful in the districts. 
Such sudden progress in growth of seedlings is often associated with a sudden 
and rapid multiplication of the roots at the time 

Trouble from white ants is sometimes experienced in the first and the second 
nurseries. Use of partially decomposed manure, often containing half decom- 
posed fibrous materia], is a great attraction for the pest. Tar-emulsion has 
been found of use in fighting it. The emulsion is prepared by dissolving a pound 
of soap in the same weight of water, boiling it and adding gradually about a 
pound of coal-tar during the boiling. The emulsion can be kept for sometime 
and, when needed, is diluted with water to make a half to one per cent solution. 
One per cent solution of this emulsion kills soft leaved delicate weeds. The 
solution is applied to the trenches from a garden rose before an irrigation. 
The irrigation water as it sinks down carries the solution along with it and 
helps to keep out the pest. Another common pest is the shoot borer Diatraea 
auriciUa and no satisfactory remedy has yet been found for this. 

Plots for T est i n g 

From the second nursery the seedlings go to the final plots for testing. 
Here they are grown for well over a year and their botanical, agricultural and 
chemical characters studied all through the period. It is only at the time of 
planting in the final plots that any real selection of the seedlings is practiced. 
The selection is made on a large number of characters, vigor, habit and tiller- 
ing being the more imj>ortant of them. Some idea of the extent to which 
natural and artificial eliminations are made from germination to final planting 
would be gained from the numbers for the 1923-24 batch of seedlings. Out 
of one lakh and thirty thousand seedlings that germinated about a lakh were 
planted in the first nursery; eighty thousand of them reached the second nursery 
and in the final ])lots it is expected to plant out about ten thousand for the full 
year test. 

The planting in the final plots differs from the others in one important 
respect. Whereas in the latter the seedlings are moved more or less intact, the final 
plots are planted from sets obtained from the vseedlings. The nearly six-month 
growth in the second nursery is generally sufficient for cane formation in the seed- 
lings ; seedlings that do not form canes within the period are, it is believed, not 
likely to be of use for the bulk of North India with its short growing season. The 
immaturity of the sets at time of planting does not appear to be any disadvantage. 
On the other hand, they germinate very readily and very few gaps are noticed in 
the final plots. There is yet another advantage in planting the final plots from 
sets instead of with the seedlings themselves. When, in the earlier years, the 
seedlings were transferred to the final plots almost intact it was noticed that 
they exhibited a rather abnormal vigor, i. e., a vigor not always maintained 
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when the seedlings were multiplied from sets later on. With set planting a 
more dependable vigor is available for observation at the time of selections. 
The importance of this will be realized when it is remembered that the sub- 
sequent multiplication of useful seedlings is entirely from sets. 

The period from germination to final planting occupies about nine months. 
The cane arrowing season at Coimbatore is October-November. By beginning 
of January the seedlings would bq germinating. They are moved into the first 
nursery January-February and into the second April-May. They grow in the 
second nursery till August-September when they are ready for planting into 
the final plot. They remain in these plots well over a year, i. e., till past next 
September. Coimbatore possesses two seasons for the planting of canes; one 
in wet lands about February and the second in garden lands July-August. The 
planting in the final plots is done about September, towards the end of the second 
planting season at Coimbatore. 

The testing plots are planted as indicated in the plan. The seedlings are 
arranged in square blocks of one hundred and the parents, the grandparents 
and sometimes the standard canes also are planted at the extreme sides of the 
plots. Whenever the seedlings are studied or their juice chemically analyzed, 
the parents and others are also dealt with at the same time. As the main 
object of breeding is to obtain types which are definite improvement on the 
parents or the standard canes, the advantage of having them always near and 
growing under practically identical conditions is obvious. The manner in which 
the seedlings are numbered in the plots is indicated in the plan. 

It was frequently noticed that the border plants of a cane plot — those ad- 
joining a path, an irrigation channel or a drain — showed markedly greater vigor 
than those inside the plots. At the time of selection it was found difficult to 
decide, in the case of a border plant, how much of its vigor was due to its 
advantageous position in the matter of light, air and water. To render the 
conditions of growths in the plots more uniform the borders are planted with 
a row of some fodder grass or a standard cane. This is cut out immediately 
before the plot is taken up for the final studies with a view to selection. 
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Entomological Work in South America 
September, 1 922 - July, 1 924 


Bv Fkancis X. Williams 


OnjFXT OF THE Work 

The main purpose of the work was to secure natural enemies of the wire- 
worms, Monocrcpidius cxsul and Siniodactylus cinnamoyncuSy that cause damage 
in some of the Hawaiian cane fields. vSearch was also made for further parasites 
which might attack the cane beetle-borer Rhabdocneniis obsciira, and for such 
other beneficial insects as opportunity oflfered. In addition, some effort was made 
to collect seeds of trees which would be of use for reforestation purposes in 
Hawaii. 

Countries Visited 

Nearly nine months were spent in Ecuador exploring regions both east and 
west of the Andes, five months in British (iuiana, and six months in Brazil. Fur- 
theriiKire, brief stoppages were incident to the journey at the transshipment 
points, Panama, IVinidad and Barbados. 

Itinerary and Investigations 

On April 28, 1922, I returned from the Philippines, and on June 17, sailed 
for San Francisco. Following a vacation of some weeks in California I left for 
the East and after an interrupted trip arrived at Washington, D. C., on August 

10. I remained there until August 30, employing my time mainly in the U. S. 
National Museum, looking over some of their extensive collections of Aculeate 
Hymenoptera and familiarizing myself with the larger Bethylid wasps, one species 
of which in the United States is known to prey upon the larva of a wireworm 
allied to our Hawaiian Monocrepidius exsuL 

At the U. S. National Museum, as elsewhere throughout my travels, assistance 
in every way possible was exlended me, and thanks are due to many individuals 
and institutions. 

I embarked September 2, from New York for the Canal Zone on the United 
Fruit Company S. S. Toloa, After a layover of three days at Havana, Cuba, we 
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proceeded westward, reaching Cristobal, Panama, on the morning of September 
12. At Ancon, on the Pacific side of the Isthmus, I met the U. S. Government 
Entomologist, Dr. James Zetek, and Mr. Molino, his assistant. On September 21, 
I left Panama for Ecuador on the Peruvian steamer Mantaro, which stopped for 
some hours at Buenaventura, on the Colombian coast and continuing the journey 
southward arrived at Guayaquil on September 26. This city has in the neighbor- 
hood of 90,000 inhabitants and is not, properly speaking, on the seacoast; to reach 
it one must travel miles up the extensive Gulf of Guayaquil and for a short dis- 
tance along the Guayas River. Opposite the city this river is over a mile in 
width, though soon breaking up into several tributaries derived chiefly from the 
Andes, whose western crest is less than 100 miles distant. The more brackish 
lower part of the Guayas River is noted for its fine large “mangles” or Mangrove 



Balsa' trees near Bucay, Ecuador. The wood 
is li,ghter than cork and much used in making 
rafts or * ‘ balsas. 


trees, straight logs of which may be as much as fifty feet long, while in contrast 
to this heavy wood are rafts made of the lighter-than-cork ^‘Balsa^^ tree, which 
flourishes a short distance inland and not infrequently yields sixty-foot timber. 
The chief product of Ecuador is cacao, with the ivoQ^nut for making buttons, 
etc., and fine hats, wrongly called “Panama’^ hats, holding an important place. 
Sng§r is not manufactured in exportable quantities. Tobacco and rum are of 
s<^^ consequence. 
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Guayaquil is no longer a hotbed of yellow fever, but a healthy city. Rats are 
not encouraged in the municipality ; the rat catcher may frequently be seen issu- 
ing from a building carrying his more or less filled wire traps, or some defunct 
rodents to the well-laden burro waiting outside. The garbage department as in 
many other places in tropical America, still has the assistance of numerous 
‘^Gallinazos,^’ or black-headed vultures. 



Forest duriiijj the dry season near Guayaquil, Ecuador. Conspicuous in this 
now ('oin])aratively leafless wood are lejjuminous and bignomiaceoiis trees. The 
seasonal aridity of the district is due in great measure to the proximity of the 
antarctic current, which so cools the atmosphere that it cannot condons(‘ over the 
hot lowlands. 


I reached Guayaquil in the midst of the dry season, which though by no 
means universal throughout Ecuador is very marked about the city. The rains 
commencing suddenly in December convert the parched hills of mainly deciduous 
trees into masses of tropical verdure; and furthermore, they coax out of con- 
cealment innumerable ^‘Grillos'’ or crickets into such conspicuous activity as to 
become a perfect plague for a few days, invading dining room and bedroom alike, 
alighting upon the headgear and shoulders of pedestrians, furnishing effective 
missiles for street gamins, and so flooding the brightly illuminated plazas that 
they must be swept up in heaps on the following morning. By the end of June 
dry conditions again prevail. Some little distance inland, however, the country is 
moister at any season; this is true at 90 kilometers, or about 36 miles along 
the Guayaquil and Quito Railroad, where the elevation is 1,000 feet. Ten kilo- 
meters farther the altitude is 1,850 feet, while beyond this the ascent of the 
Cordillera commences in earnest, for at Huigra at kilometer 117, amid stupendous 
fog-topped cliffs the altitude is 4,000 feet, though dryer conditions, emphasized 
by the presence of several species of cacti, spiny leguminous shrubs, and grasses, 
are evident. The Andes, at least in this part of Ecuador, are not well wooded for 
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their upper portions, as frequently is the case to the contrary in other countries 
of high mountains. On the lofty plateaux or higher mountain slopes the various 
herbs and shrubs often display handsome flowers. The paramo (11,000 feet up), 
a sort of upland desert, is characterized by certain plants, among which are curious 
compositae of gregarious habit, and by dreary areas of grass, or ‘'pajonales.'’ 
Finally the vegetation ceases and we may have exposed sand and cinders 
C'Arenales'') up to the limits of perpetual snow, which in Ecuador is rather over 
15,000 feet above sea level. There are sixteen or more perpetually snow-covered 
peaks in this country, the loftiest being Chimborazo, 20,496 feet, and Cotopaxi, 
19,614 feet, usually considered the highest active volcano in the world. 

The sugar cane industry in Ecuador is still in a very undeveloped condition. 
While there are several tolerably large plantations with mills for the manufacture 
of sugar, the more usual, small scattered areas planted to sugar cane are devoted 
very largely to the production of rum or '‘aguardien'.e,” which potent beverage 
finds a ready sale, chiefly among the lower classes and the indigenes. In some 
instances, these rum factories appear tolerably up-to-date, with a water wheel for 
operating the mill, or oxen may be used for this purpose ; in still other cases the 
affair may be simplicity itself — housed under a palm-thatched shed in the primeval 
forest, two hardwood logs serving as rollers and turned by means of wooden 
spokes (2 man power), a wooden catch-bowl beneath, and to one side, the dis- 
tillery, consisting of a hollowed-out log with the necessarily tightly fitting cover, 
a sheet of crushed cane stems. 

Considerable travel in sugar cane and other districts was done in Ecuador, 
and for making possible or facilitating these journeys, thanks are due to several 
gentlemen and parlicularly to the American Consul at Guayaquil, Dr. F. W. 
Coding, himself an enthusiastic entomologist. My first sugar cane pest investi- 
gations were made late in September at Ingenio Valdez, Milagro. This sugar 
estate, which is the most advanced in the country, is al^it an hour's train ride 
from Duran, across the river from Guayaquil. The mill is equipped with cen- 
trifugals and is fed from the cane fields by a plantation railroad. The extensive 
flat lands are planted chiefly to two varieties of cane, D 74, said to have been 
brought over from Louisiana, and '‘Nacional.” The latter is a cane of nice appear- 
ance and whose tolerably soft stems are yellowish green and of good sugar con- 
tent. It ratoons well and one is impressed by the large number of stems per stool 
and the well-developed root system. Harvesting was going on at the time, when 
a type of Louisiana cane loader was in action. 

After the fields are cropped, the trash is disposed of by fire with the effect of 
driving out some of the^ fauna, consisting of lizards, rats and so forth, and 
which are forthwith attacked by the large birds of prey, constantly in the offing. 
The so-called Cafacara ‘'eagle’' of ready cursorial ability as well as being a good 
flyer is one of the foremost of these feathered predators. 

I recognized no cane diseases at Milagro, though not a few of the stems had 
split open disclosing the reddened interior. The most obvious sugar cane insects 
encountered here, as nearly everywhere else in cane countries of South America, 
were borers, of which a moth (Diatraea ? sp.) and a weevil {Metamasius) were 
doing tonsiderable damage. Of fifty harvested cane stems examined 74 per cent 
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showed borer injury. The young cane was at times badly damaged, presumably 
by the same moth larva, which killed the central shoot. A small weevil found as 
a larva and pupa worked rather close to the rind, but was not plentiful. Of 
leafminers, the larva of a small moth tunnelled near the leaf’s edge. It was in- 
frequent and was parasitized by a small wasp. Among insects with sucking mouth 
parts was a diaspine scale insect and the usual mealybug, besides a sparse and 
rather large Fulgorid leaf hopper (Blcdtna). The ground was dry and hard and 
no wire worms were unearthed. 

Bucay, my next stop inland, some fifty miles from Guayaquil, was visited 
October 4-11, 1922, and again June 2-5, 1923. I was put up at the house of the 
manager of the two rum factories; in one of these the crushing is done by a 
water wheel, in the other by oxen. The larger factory disgorges its fire-water 
into receptacles at the railroad by means of a pipe line several hundreds of feet in 
length. The sugar cane, which is of several varieties, is litlle attended to, apart 
from the replacing of gaps in its rows. 

Insects are always abundant at Bucay since the moisture is usually sufficient 
to sustain them, and one notices the greater variety of butterflies as compared 
with those of some of the regions of the Far East. There was no difficulty in 
digging up several species of Elaterid wireworms in certain cane fields and in 
the grass lands adjoining, but none of their parasites was found. The beetles were 
likewise abundant and I saw here for the first time the brilliantly luminous 
“Cucuyo” beetle (Pyrophonis sp.), an iiusect allied to, though larger than Mono- 
crcpidlus of Hawaii. Children strive to attract these “Cucuyos” by whistling, 
and waving a firebrand at them. What are known as false wireworms, and be- 
longing to the beetle family Tenebrionidae could be scraped up under debris, 
such as flattened and decayed grass, and one of these larvae was found with a 
wa.sp grub on its underside, doubtless the young of one of the Bediylid wasps not 
uncommon about the cane fields. A common Bethylidae with a red-tipped abdo- 
men was tried on true wireworms, but would not attack them. White grubs were 
not found in troublesome numbers, and one which was unearthed proved to be 
parasitized by a wasp grub, probably that of a Tiphia, clinging to the back of the 
second and third segments of the thorax. The cane stems were bored by a weevil 
larva, as at Milagro, but the insect was far more aibimdant in defunct banana 
stems nearby. The sugar cane mealybug found in one patch of cane was preyed 
upon by two species of ladybeetles ( Coccinellidae) . The larva of the rarer of the 
two was covered with waxy white processes, while that of the commoner was naked 
brown. Froghoppers or spittle iiLsects (Cercopidae) of one species were not in- 
frequent, breeding on the sugar cane stems. Only the young are enveloped in 
ai frothy white mass in among the leaves, or between a leaf and the stem. The 
adults sometimes two or three per stem, were well wedged in at leaf bases. What 
seems to be the more injurious species of these insects, however, as occur in 
Trinidad, parts of Brazil, and in other places, feed, at least as young, largely on the 
superficial roots of the plant. Many leafhoppers were seen resting in weedy 
cane, though none seemed definitely attached to it. 

Sucking at decaying cane stubs one occasionally flushes the very brilliantly 
metallic blue Morpho, an insect of considerable expanse of wing, and probably 
the most vivid and popularly known butterfly of tropical America. The wings 



of these insects are much employed in decorative art, such as in glass-bottom 
trays, etc. 

I found red mites or spiders attached to many kinds of insects in Ecuador and 
in greater numbers than observed elsewhere. This is true also of certain entomo- 
phagous fungi in the Neotropics, many Cordyceps (?) species developing fan- 
tastically on wasps, beetles, moths, leaf hoppers, caterpillars and other forms. 

The next move was to Naranjapata 100 kilometers along the Guayaquil and 
Quito Railroad, the place being marked by the railway station, a few laborers' 
cabins and a water tank. Entertainment was furnished after bedtime in the 
station master's office by the antics along the walls and ceiling, of the numerous 
white-bellied rats. At Naranjapata, as at Bucay, are banana plantations which 
have an interesting though unwelcome insect fauna. First of all, a huge, dark 
colored moth of the family Castniidae, in the larval stages attacks the stem of 
the plant, and judging from the size of the boring caterpillar one might well 
suffice to destroy a small plant. A second and smaller species, the widely dis- 
tributed Castnia liens, also attacks the banana stem as well as that of the sugar 
cane. Orchids also suifer from the larvae of Castniidae. Dead or unhealthy 
banana plants are infested ,by the cane beetle borer of the region and by what 
seems to be another though closely related species, which tunneling often very 
profoundly into the watery pulp appears free from parasites, although preyed 
upon to some extent by the larva of a histerid beetle, itself not adverse to the 
semi-aquatic conditions of the stem. A fine butterfly, Caliy;o species, with a wing 
expanse of 6 to 8 inches, produces a docile brown larva several inches long that 
feeds on the banana leaf. Other species of Caligo sometimes attack sugar cane ; 
a smaller yet still rather large butterfly, Opsiphancs by name, is also a banana 



A portion of the ^ of Banos at 6,000 feet in the Ecuadorean Andes. 

In the left foregronnd is a patch of sugar cane; behind hand ahove- it on the hill- 
side a 300-foot waterfall; to the right is Badcum Valley, with the cloud-wrapped 
*Funguragua volcano at its head. The tall and very slender trees chiefly to the 
Av right ane native willows and a species of poplar. 
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feeder. At least Caligo, and probably Opsiphanes, are nocturnal or nearly so. The 
larva of a small bagvvorm moth with its mealy white banjo-shaped case is not 
uncommon on the plant and appears to feed on the fine powdery bloom of the 
stem and leaves. 

Towards the end of my stay in Ecuador, a few days (May 30- June 2, 1923) 
were spent at Huigra at 4000 feet on the Pacific side of the mountain slopes. 
Nothing of note was found there. 

Over a month — ^in two installments (October 25-November 5, 1922 and De- 
cember 27, 1922-January 22, 1923) was passed at Banos, high up upon the eastern 
shoulder of the Andes. This interesting old village is situated upon an ancient 
lava deposit in the narrow valley of the Rio Pastasa, a wild and dangerous stream 
that filially works its way into the upper Amazon. The elevation is here about 
6,000 feet and one has but to wander to the edge of town to view the fine snow- 
covered Tunguragita volcano rising to a height of between 16,000 and 17,000 feet. 
This mountain, which is still smoking, and occasionally, it is said, emits loud 
noises, has more than once devastated the region about its base. The vegetation 
upon its higher slopes is clothed, often densely, with fine ash. The Banos region 
is of wonderful scenic beauty with its 300-foot waterfall, towering mountains and 
the cleft-like Pastasa gorge. There are hot springs and a mineral spring in the 
village itself. Fairly comfortable quarters were secured in one of the few second- 
story houses of the village, while tolerable meals were doled out at the “Agencia 
Funeraria,’' the coffin shop being next the dining room. The district can scarcely 
be called tropical although it suddenly becomes so only a few miles to the east- 
ward. Banos bananas are comparatively expensive and of poor quality, but the 
sugar cane plants, sometimes growing alongside of wheat or barley, have a better 
appearance than one would expect for so high an ahitude. No particular variety 



The Banos Rum Brigade climbing the Andes. The often un- 
assuring bridges spanning these mountain gorges are braced and 
supported by steel rails. 
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of sugar cane is planted here ; some of it was seen in tassel. The stems may be 
dark, striped or concolorous and one kind, grown on a very small scale, was 
nearly entirely purplish, leaves and all. The villagers go to some pains in raising 
cane, and nicely erect stalks stripped of the lower leaves were noted. The rum 
factory is operated in part by the abundant water power available in this rugged 
spot. 

No sugar cane diseases were recognized/ Of insect enemies the following 
came to notice: A Diatraea (?) moth borer; a leafminer, perhaps the same as 
occurs at Milagro ; the larva of a skipper butterfly, devouring the leaves, as well 
as some leaf-feeding beetles (Chrysomelidae) ; the latter, though abundant, did 
not seem habitual on the plant; several species of leafhoppers, some being Del- 
phacidae; and a froghopper or spittle insect (Cercopidae). The leafhoppers 
were not found breeding on the plants, as was the case to the contrary with the 
froghoppers on the shoots and stems, though this insect did not appear of major 
importance. Mole crickets were plentiful in certain cane fields. White grubs 
were abundant in grass lands, and their wasp enemy, Tiphia also present, as well 
as a huge Scoliid species. 

Considerable digging, niainly in cane fields revealed several species of true 
wireworms as well as wire worm-like larvae. Here, as elsewhere in localities 
visited, wireworms of the MonocrepidUis type generally prevailed over the 
slenderer forms. Among the species dug up were luminous examples of rather 
large size, presumably the larva of the ‘'Cucuyo'’, Pyrophorus species. Another 
type though hardly a wireworni was the brilliantly lit up and very active larva 
of a Phengodes (?) beetle, an insect more related to the true “fireflies” (Lam- 
pyridae). An hour’s digging for wireworms resulted as follows: 

Larvae Pui^ae 


Monocrepidim'lWiQ 10 2 

** but darker 5 0 

Slenderer form 1 1 

Phengodes 1 0 

Wireworm-like larva 5 6 


22 9 

Nothing was found attacking wireworms. 

In hopes of meeting with better success farther within the luxuriant Oriente 
or eastern province of Ecuador, I left Banos for Tena near the Napo River, on 
January 22, 1923. As one descends into the Amazon basin the granite or granite- 
like rock of the mountains , becomes more and more overlaid with soil, in many 
places turning into a morass, so that at Mera, some thirty miles away one finds 
himself at 4000 feet elevation, in an exceedingly verdant and watery region, so 
much so that the numerous slender palms have adapted Pandanus-\ikt prop roots 
to better sustain themselves in the uncertain earth, and water bugs seem to con- 
sider the contents of the veriest hoof prints a permanent body of water. Here 
at the village of a very few, scattered, palm-thatched houses might be seen a 
domestic fowl knee- (or heel-) deep in a rain puddle scratching away and gob- 
bling up any morsels that rise to the surface. It was noticHl here that quantities of 
Guinea pigs are kept in the kitchens, to be served from time to time at meals. 
Mera is a mere notch in the wilderness, the Pastasa River at the base of the tall 




This illustration shows the basal part of a feather palm in a eleariag in the rain forest 
of eastern Ecuador. The plant has prop roots much recalling those of the Fandaiius and 
, which better sustain its slender height in the boggy soil. These palms arc very useful; 
the central shoot furnishes an appetizing dish, the leaves thatching, while the stems when 
split oi>en, cleaned out and unrolled, make good flooring and walls. Such palms, though 
only eight or nine inches in diameter just above the prop root system, not infrequently 
attain a height of a hundred feet or more. 
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bluff which skirts the setllement at the right, the soggy forest filling in the rest. 
The minute patches of sugar cane contained a species of stem froghopper and 
moth borers, while the felled and decaying palm trunks quickly attracted Meta- 
masius weevils. The Mera cane is superior to that at Banos. 

A more or less bog-strewn journey of several days, a short canoe ride down 
the Anso and the Napo rivers to the tiny village of Napo, with a very muddy 
stretch of five or six miles brings one to Tena, a pleasantly situated place of some 
forty inhabitants. While quite tropical, its altitude of nearly two thousand feet 
produces an agreeable climate. It is a healthy if depressing place. Bread and 
regular potatoes are almost unknown and molasses largely substitutes for sugar. 
The cane as usual, is cultivated chiefly for rum purposes ; some of the plants were 
tall, stout-stemmed and of fine appearance. One erect variety springing from 
rather massive stools and with a bloom on the stem somewhat as in our H 109, 
attained a height just before tasseling, up to about 18 feet, with bare stem to 10 
feet. These were more than a year old, however. 



Sugar cane at Tena, in eastern 
Ecuador. 


What appeared to be mosaic disease was prevalent on some weedy cane. Of 
noxious insects pertaining to this plant were the usual South American types. 
Two species of stem froghoppers (Cercopidae) were found, but one was not 
very exclusive on the plant. The leaves were eaten by the larva of a noctuid 
m^h, and a bofer, probably of the same family, affected the stems. Metamasius 
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weevils, insects allied to the cane beetle borer of Hawaii and farther east, were 
very numerous, the adults occurring on pineapples, araceous plants, Inga (Leg- 
uminosae) pods, banana and palm stems and sugar cane and breeding in the last 
three plants and badly damaging the cane. Castnia licus, a giant moth borer is 
occasional in cane and banana plants. The large juicy whitish caterpillar is 
eaten with gusto — as are many other, not altogether pleasing-looking insects, and 
the huge land snails — ^by the ever-hungry Indians of the region. Occurring 
sparsely as a cane leafminer is the larva of a Chrysomelid beetle. The presence 
of small ladybeetles (Coccinellidae) in cane fields would indicate some Aphid 
or mealybug pest there. No cane mealybugs were found, however, a small 
species feeding underground at the base of the stem of bananas is preyed upon 
by a little Coccinellid. 

Tena was not a promising locality for wireworms. A quite large predaceous 
species was occasionally met with under the bark of a dead tree, and adults of 
smaller species were also collected. 

Of pests of man and other animals, mosquitoes were usually not troublesome 
save in certain forest districts; buffalo-gnats (Simulidae) were common in the 
vicinity of some of the rivers and at times quite annoying; in fact, I noted that 
the backs of my Indian carriers were more or less closely stippled with the bites 
of these insects. The ordinary house-fly (Musca domesiica) which swarms on 
the inter-andine plateau, and where it may sometimes be seen, nearly concealing 
by its numbers the otherwise luscious-appearing strawberries sold by the Indian 
women at the railway stations, seemed exceedingly scarce about Tena. The 
vampire, a small, plain looking bat sometimes attacks man exhibiting, they say, a 
fondness for feeding at the big toe, or turning its attention to one's rostrum; 
the shoulders or the necks of horses and cattle not infrequently show dried drops 
of blood, the result of small wounds made by these creatures. 

Plans having miscarried for the proposed trip down the Amazon, I retraced 
the hundred-mile journey to the city of Ambato on the highlands. Arriving in 
Guayaquil in the middle of May, 1923, to set sail therefrom on June 13, for 
British Guiana, via Panama, north coast ports of Colombia, Venezuela and Trini- 
dad. Sailing first on the Chilean steamer “Palena’', the journey was continued 
from Cristobal to Trinidad on the French liner “Pellerin de Latouche'’. We 
arrived at Port of Spain, Trinidad, June 30, but no steamer to British Guiana 
was available unlil July 10. 

Trinidad is about half the size of the island of Hawaii and is the southern- 
most of the West Indies, being but a few miles distant from the Venezuelan coast. 
It is well forested and traversed by several mountain ranges. Among its chief 
products are sugar, cacao, copra and Angostura bitters, as well as asphalt from 
the far-famed ''Pitch Lake'', which covers an area of one hundred acres. Chiefly 
through the kindly offices of Mr. F. W. Urich, Government Entomologist, I was 
enabled to see something of the country and its agriculture and to become ac- 
quainted with some of the insects, both good and bad. Of canes, D 109 and B 
156 are among the popular varieties. Uba cane, which resembles ours in Hawaii 
is planted locally, especially on the poorest lands where a hard-boiled variety does 
well enough and chokes out the weeds. It grows densely and a fire must be passed 
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through it before harvesting. Ninety-eight per cent white sugar is made in 
Trinidad, and in the one ''factory'' visited, both the maceration and the regular 
method of extracting the juice were used. One sugar estate at Caroni and another 
near San Fernando, as well as a couple of cacao plantations were visited. The 
sugar cane froghopper, Tomaspis saccharina was not bad at the time. Other 
pests are Diatraea and Castnia licus stem borers. A Chrysomelid beetle, Myo- 
chroiis armatus, injures the cane leaves as does also the larva of one or more 
skipper butterflies (Hesperidae). 

Wireworms as larvae and adults were not uncommon, but at least those re- 
lated to our own Monocrcpidius are here rather considered beneficial for their 
mainly carnivorous habits. They were dug out of old logs in cacao plantations 
and the beetles were also to be found among sugar cane. No insect enemies of 
wireworms were discovered, although a dead, lead colored Elaterid pupa taken 
out of an old log proved, on being opened, to be filled with a sort of round-worm 
( Myrmis ? ) . 

The mongoose seems generally not looked upon with favor in Trinidad, whose 
cane field and other faunae are such that they suffer much from the depredations 
of this animal. Birds and lizards are among the victims. Damage by rats does 
not appear to be very serious. 

“Para” and “Kelley” grass are noxious plants. “Nutgrass” (Cyperus rofun- 
dus) occurs in Trinidad as also abundantly on the tropical mainland. It is 
attacked in the Neotropics by the boring caterpillar of a small moth. 

There are some large cacao plantations ; and many or most of them are shaded 
by “Immortels”, a species of Erythrina tree. Windbreaks for these estates con- 
sist commonly of a plant appearing to be the same as or very close to our “Ti” 
plant, Cordyline. There is a coconut industry. The plantains are often badly 
attacked by the weevil Cosmopolites sordidiis, 

A journey of rather less than two days brings one to the low muddy coast 
of Demerara or British Guiana. Georgetown, the capital, is a city of about 60,000 
and is situated at the mouth of the Demerara River. Demerara is also the name 
of one of the three counties of British Guiana, the other two are Essequilo and 
Berbice. The whole country lies between 0° and 9® north of the Equator. While the 
coast presents a rather uninviting appearance, the “hinterland” is magnificent, 
with its tall dense forests and rugged mountain range. Kaieteur Falls is a sheer 
drop of the Potaro River of 740 feet. Among the products of the country are 
cane sugar, Bauxite (Aluminum ore), gold, diamonds, “balata”, which is the 
sap of a forest tree used for “belting and boot soles”, and such fine timber as 
“greenheart” and '^purpleheart.” The soil of the front lands, as a rather narrow 
strip, is heavy “marine alluvium”, with here and there a sand reef, and some 
peat-like material. So devoid of stones is this low area that baked earth is used 
in the construction of the coastal highways. 

In Georgetown, the Department of Science and Agriculture and of the Lands 
and Mines, the Museum, and the Sugar Cane Experiment Station were several 
times visited. A short trip was made to the interior via the Demerara, Essequibo 
arid Potaro rivers to Tumatumari on the Potaro River. Otherwise, the time was 
ertiployed on and about sugar estates. These are all on or very near the coast. 
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which being below the level of high tide is protected by a great sea-wall provided 
with numerous . sluice gates or '‘kokers'' that at low tide release the pent-up fresh 
water. The sugar plantations are laid out in quadrangles, the boundaries being 
canals, of which there is also an extensive and well distributed system in these 
quadrangles, and serving as transportation or as drainage ways. Large animal- 



Loading cane onto the carrier from punts. 
Berbice, British Gui:;na. 


drawn punts of about 27 by 8 feet, with iron sides and ‘'Mora*’ wood bottoms, 
and often in long trains, carry the cane from the harvested fields right up to the 
cane loader of the factory. Thus also to a large extent are the plows and cater- 
pillars borne afield, for mechanical tillage has been going on here for some years. 
This sort of cultivation is feasible only in new lands, or in old fields where the 
ditches have been filled up to allow the passage of the 50 h.p. caterpillars and 
their plows. Ordinary forking by the task is the usual fonn of cultivation in the 
fields that do not permit plowing. The labor is chiefly East Indian. Bourbon 
cane was once extensively grown in British Guiana but eventually, as in some 
other countries, it ceased to be productive and is now replaced by other varieties, 
chief of which is D 625 produced through the efforts of Sir J. B. Harrison, 
Director of Science and Agriculture, and his associates. D 625 is a hardy yellow 
cane that resists drought well. It seems that here ratoon crops rather than those 
from plant cane yield the heaviest tonnage. 


Newly planted cane in Berbice, British Guiana. The 
cane soon ^ ^ peeps up and each little shoot gives rise to 
five or six '^pickaninnies/' Note that the East Indian 
"driver" or overseer carries with him a brush for com- 
batting mosquitoes. 

The greater part of the time spent in British Guiana was at Plantation 
Blairmont, a few miles up the Berbice River and directly opposite New Amster- 
dam, the second city of the country. Here good laboratory facilities were 
available, and I am indebted to the officers of this estate, especially to Mr. H. 
•b". Box, the Blairmont Plantation entomologist, as well as to Mr. W. H. B. 
Moore, the Albion Plantation entomologist, to Mr. L. D. Cleare, government 
entomologist, and to many others. 

No mosaic disease was found either in Trinidad or in British Guiana. In 
the latter country a disease commonly referred to as Marasmius was not un- 
common in certain cane fields, and was characterized, in gross fashion, by the 
affected plants turning brown as if burned, by a basal mycelium developing to 
mat the sheath trash against the cane stem, and by the stool pulling up very 
readily. 

A little of the sugar cane entomology as well as other entomological data 
are set down in my note^ of August 23, from a visit to one of the plantations. 
^Tn the afternoon we took a 50 minute mule-drawn -bateau ride in one of the 
canals to where the ‘borer gang’ was working. This field was in very young 
plant cane, much of it drowned out by floods. The old ‘banks,’ i. e., the ridges 
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(at present) between rows and on which the old discarded ratoons were thrown 
to make room for the plant cane, had stools ratooning freely, so that this cane 
stand — not destroyed because of the shortage of labor — was taller and, in places, 
denser than that of the soggy seed cane, and furnished at the same time 'suckers^ 
for ^supplying^ (replanting) and a holdover place for borers. These borers 
were mainly the red-headed larva of the moth, Diatraea canella, and were being 
cut out by young coolies. The work is not arduous, for only growing shoots 
are operated upon, the 'dead hearts’ locating the damage. In a badly infested 
field as in the one being considered, the worker need move but very little dur- 
ing the whole day, as sufficient material is close at hand. The infested shoot 
is cut sufficiently low, then shaved off until the borer is exposed when a few 
jarring taps with the knife partly dislodges it from the timnel, to be seized and 
placed in a round tobacco box, whose base or lid the worker often hammers 
out into a bulge to enlarge its capacity. The catch eventually becomes a tightly 
packed mass of Diatraea larvae, with an occasional weevil borer { M etamasius ) 
and more seldom still, a large larva of Castnia liens, the giant moth borer. The 
pay for Diatraea larvae and pupae on this plantation is four pence a hundred. 
Record catches mount up to 1000 borers per day, so that children may sometimes 
make more money in a day than do their parents engaged in other plantation 
work. The borer-gang may consist of more than 100 individuals. Diatraea 
parasites found during this work are reared in a laboratory and liberated. 
Ipobracon, other braconid wasps and a fly attack the larva. The moth lays 
her eggs in a patch on the cane leaves. A minute wasp, I'richo^e^ramma, may 
parasitize the entire egg-mass, when it assumes a blackish color. Another egg 
wasp, Prophanurus alecto seems less efficient. As we proceeded up the canal 
I swung my net along the little grass islands, and thus bagged numerous little 
flies and leafhoppers. Farther along, the nests of hornets (Marabuntas) of 
the genus Polistes were numerous on the canal’s side boards, so that for a short 
space it was advisable to release the scraping towing line and resort to paddling. 
While hardly a cane pest, alligators are common in the trenches and are said 
sometimes to lay their eggs in the fields, and to furiously pursue anyone ap- 
proaching the nest. I was told of and saw the 'yellowtail,’ a large black snake, 
with a yellow tail that frequents the cane fields of British Guiana and is reck- 
oned a very efficient rat catcher. 

As we passed along the canal, for about a third to a half mile, lay heaps of 
burning termite nests, the dark, firm, ball-like structures certainly totalling far 
into the hundreds, if not thousands. These nests are collected from the cane 
fields where they are often attached to cane stalks, which the insects may 
damage considerably. 

Mr. Moore showed me a very small bug living upon the surface of the 
trench water and most useful in destroying mosquito larvae, one jab of the 
beak being fatal to its prey. Mosquitoes are certainly surpassingly numerous 
at certain times of the year in many places along these 'front lands.’ ” 

There are three species of Diatraea moth-borers, D, canella, D. saccharalis 
and D, limola in British Guiana, the first two are the most serious cane pests, 
the last seems rather inconsequential. When full fed their slender larva is in 



216 


the rteighborhood of an inch long. In addition to destroying the young shoots, 
the old joints are likewise attacked, and ;very frequently so many ‘‘eyes'’ or 
buds are eaten out of the -seed pieces as to necessitate considerable replanting, 
or“supplying" as it is here termed. The borer also has the habit of working 
around within the comparatively soft root band so that the cane often breaks 
at that point from sheer weight, or because of the wind. The ubiquitous “razor" 
grass (Graminiae) as well as some other grasses are also Diatram host-plants. 
The large conspicuous inflorescence of “razor" grass is very attractive to several 
species of wasp parasites of Diatraea, so that, one may find numerous examples 
of an Ipobracon ( ?) upon them even to the exclusion of other insects. 

It has been found by (the government entomologist that immersing the “seecf ' 
cane in water for three days, destroys all the borers. At present, however, 
Diatraea is controlled neither by artificial nor natural agencies. 

The giant moth borer, Castnia licus at one time was quite a serious pest 
and even now must be reckoned with. It has been found worth while to flood 
badly infested fields and thus destroy the borer, which usually restricts its activ- 
ities to the lower part of the cane plant. 



Castnia HcuSj full-grown larva from Tena, 
Ecuador. Slightly reduced. 



Castnia Ucus; from Belen, Para, A moth native to tropical America, where its 
larva often bores the stems el 8^ X -g 
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Following up mechanical injury, the damage caused by Diatraea, and in- 
festing plant tops as well, is Metamasius hcmipterus, a beetle borer related to 
Rhobdocnemis obscurtfi of Hawaii and farther east, but diifering from it among 
other things — in not primarily attacking healthy cane. The insect is abundant 
in some cane fields and seems to have no efficient enemy. There is a single 
record (Moore, 1915) of a wasp grub found feeding on a larva of this Meta- 
masius. Later, by the aid of Mr. H. E. Box, I was enabled to examine over a 
thousand of the beetle grubs, with the result of finding a single very young 
wasp grub on a paralyzed larva ; and in another case an adult Ipoh'acon (?) wasp 
(c?) j^^st issued from a cocoon in a M etamasius burrow, the remains of the host 
being nearby. Examples of this species of wasp were subsequently taken on 
razor grass, but they could not be induced to do more than merely paralyze a 
few of the most advantageously exposed M etamasius larvae. From this ex- 
periment one might conclude that Metamasius is not the normal host of this 
wasp. Occasionally infesting cane stools is the larva of the palm weevil or 
'‘gru-gru worm,’’ Rhyncophorus palmarum. 

White grubs are sometimes troublesome, damaging the cane stools. The 
beetles are referred to as “hardbacks.” Ligyrus sp. may be quite injurious. 
As everywhere in continental lands, these Scarabaeid larvae are attacked by 
certain Hies and various Scoliid and Tiphiid wasps. 



A large butterfly, CaUgo, whose caterpillar 
eats the leaves of sugar cane, awaiting dusk on 
the trunk of a mango tree in British Guiana. 





218 


Of leaf-feeders, ate several species of moth caterpillars of the family Noc- 
tuidae, and at least ten species of the larvae of the Hesperidae or Skipper but- 
terflies. Such insects, however, do not for long increase beyond the control 
of their numerous enemies, which in the end slaughter them wholesale. Parasitic 
flies and wasps are ampng these foes. A solitary wasp of the family Eumenidae, 
noticed also in Brazil as the same or a related species, excavates shallow bur- 
rpws in termite mounds or in the ground proper and stores them with some of 
these skipper butterfly caterpillars. A fine large butterfly, Caligo sp, with a larva 
that is occasionally common on cane plants has never become numerous enough 
to be considered a pest. 

The cane froghopper has not taken hold in British Guiana. Of aphids a 
very few, in dimunitive clusters, were found on the plant. They appeared a 
different species from the one in the Pacific and were attended by a ponerine 
ant. Mealybugs, of which several species occur on cane, are sometimes very 
abundant. A Metarrhisium (?) fungus destroys a great number, while among 
their insect enemies, are the caterpillar of a tineid moth, a cecidomyid fly maggot 
and several species Of ladybeetles. 

Wireworms allied to our injurious forms were not found plentiful. 



Coconut palm* in British Guiana attacked 
by the larva of Brassolis, aii evening butter- 
fly. By day the caterpillars lie concealed in 
the sack-like retreat and issue at nightfall to 
feed. 
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Two insects conspicuously injurious to the coconut palm (Cocos nucifera) 
in this part of the country are the larvae of a rather large butterfly, Brassolis 
sophof^e, and that of am immense moth Castnia daedalus. The larvae of Bras- 
solis construct a silken nest among the leaves, sallying therefrom at nightfall in 
large numbers, fhe damage they do to the palm leaves is much greater, though 
perliaps more periodical than the depredations of the coconut leaf roller of Ha- 
waii. They pupate singly on the underside of palm leaves, walls, or any other 
convenient place. Brassolis butterflies are native to South America and their 
unsightly work is also apparent on the Royal Palms, Oreodoxa of Rio de 
Janeiro, in Para, and elsewhere. The larva of Castnia daedalus, makes rather 
superficial tunnels along the siem, chiefly the upper growing part of the coconut 
palm, so that in later years the affected plant shows a series of deep furrows, 
some of which may penetrate well into the interior. 



Among the numerous species of palms one sees 
in South America none seems to suffer more from 
the depredations of insects than the coconut palm 
(Cocos nv>cifera)y a plant native to the Eastern 
Hemisphere. The photograph shows the stem of 
one of these palms disfigured by the borings of a 
giant moth caterpillar, Castnia sp. 


The number of beneficial insects as well as the abundance of insecticidal 
fungi in the front lands of British Guiana is striking. There are many species 
of ladybeetles (Coccinellidae), insects that in great measure feed upon aphids. 
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scale insects, mealybugs, white flies (Aleyrodiclae) and even upon leaf hopper 
(Delphacidae). One species devours a fungus. While corn is sometimes rather 
heavily infested with Aphids, the enemies of these insects are quick to transfer 
their attention from the often comparatively meager fare on grasses and weeds 
to attack and quickly clean up a corn aphid infestation. I believe that the lady- 
beetles are the most efficient of these aphid enemies, and at least four species 
may be found on this plant. Of these the widespread Cycloneda sanguinea^ 
a large reddish species is perhaps the most conspicuous and generally abundant ; 
Cerutordegilla maculata, another large species is always rarer. A third species 
of these Coccinellidae, probably a Hyperaspis does very good work. The fourth 
species, quite small, is less plentiful and was found to pupate gregariously on 
the leaves. Two kinds of Syrphid flies were observed on corn and other aphid- 
infested plants. The larger of these flies, bluish black with the basal half of 
the wings fuscous and with a partly brick red larva was always to be had in 
an aphid colony, the second fly was smaller and Was very common in weedy 
fields. I believe that Cycloneda sanguinea and the larger of the two Syrphids 
were the main eradicators 6f the corn aphid. A lace-winged fly (Chysopidae) 
was likewise a conspicuous enemy of the corn louse and of other small insects. 
Thus corn is rid of aphids, but a tall reed-like grass, related, I believe, to Arundo, 
often shelters quantities of a large pale green plant-louse for longer periods, 
which no doubt in many cases serves as an alternate host and so helps to tide 
over these beneficial predators. 

Lepidopterous larvae are attacked by many kinds of wasp and fly parasites. 
Cockroaches have numerous wasp foes. A large solitary wasp of the genus 
Monedula stores its burrows mainly with horse-flies (Tabanida^) that pester the 
s'ock. Social wasps, whose mecca is the American tropics, destroy innumerable 
caterpillars. The nests of these wasps range in size from less than a ping-pong ball 
to an expanse of a large umbrella. As in human beings, these insects vary much 
in temperament according to species. The smaller ones seem usually mild or 
timorous — a fortunate state of affairs, as in passing through the bush their 
nests are very frequently disturbed, A species of Cerceris wasp nesting in small 
secretive colonies stores its four- foot deep burrows with weevils, Enstylus and 
one or more other species, somewhat allied to Fuller’s rose beetle, Pantomerus 
godmanC which is frequently troublesome in Hawaii. The sugar cane mealy- 
bugs and relatives are at times nearly eradicated in places by a green fungus, 
probably Metarrhmum^, while Cordyceps (?) fungus sprouts fantastically from 
other insects. 

■ Here and there amid the fields of cane, perches of bamboo brai*u:hes have 
been set into the ground for the purpose of encouraging the many insectivorous 
birds of the region to frequent this environment and there attack the noxious 
insects. Among such birds are the Kiskadee {Pitangus sulphuratus) ^ a large, 
very useful flycatcher of bold and noisy habits; the ‘'Old Witch’' or tick bird 
{Crotophagiis ani), that often accompany livestock apparently for the purpose 
of feeding on the insects aroused by the movements of these animals; the Guiana 
hlsickhi^d {Qtiisqualns lugnbris), and the black and white “washer- woman" 
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{Fluvicola picta). 

On December 13, I set sail for Rio de Janeiro, Brazil, with Barbados as a 
transshipping point. Early in the morning of December 17, we dropped anchor 
at Bridgetown, Barbados. The island is rather low, of tame profile and almost 
depleted of natural forest. It has the earmarks of an oceanic island, appearing 
largely of coral formation, with an insect fauna very impoverished in comparison 
with that of Ti^inidad to the south. It is an agricultural country and also enjoys 
a considerable winter tourist trade. The population, mainly negroes, is dense 
and the whole island has a spick and span appearance. 

I am much indebted to Mr. John R. Bovell, superintendent of Agriculture, 
and to his assistant for information and opportunity of seeing some of the sugar 
cane cultivation of the island. Sugar cane is cultivated very efficiently. The 
seed pieces usually of three eyes each are planted in drills. No fire is run through 
the fields to facilitate cropping. Apart from the modern sugar factories of the 
island, are small mills where the cane is crushed through the operation of im- 
mense windmills, which in some places are a feature of the landscape. Barbados 
yielded a very effective parasitic wasp when its Tiphia pamllela was shipped to 
Mauritius where it is said to control the white grub, Phy talus smithi^ of that 
country in a manner comparable to the work of ScoHa manilae on Anornula 
grubs in Hawaii. 

On December 21, I took the Lamport and Holt steamer Voltaire, for the 
south and ten days later arrived at Rio de Janeiro, the beautiful capital of Brazil, 
a city of more than a million inhabitants. It lies just within the Tropic of Capri- 
corn, and geologically speaking is in a very ancient region. The rocks are largely 
gneiss, a granite-like material much used in house building and other construc- 
tion work there. The layer of soil on these rocks is often very scant and the 
virgin forests, which extend right up to the city, are composed of medium sized 
trees. Among the landmarks of Rio are the ‘"Sugarloaf” (Pao de Assucar, 1312 
feet) and the “Hunchback” (Corcovado, 2614 feet) rugged precipitous peaks 
of solid rock, accessible in the first case by an aerial cable car, and in the second 
by a cogwheel railroad. 

Brazil, which has approximately the same area as the United States, is com- 
posed of twenty states and the territory of Acre. The states are governed by 
presidents. The money is decimal, and as in Ecuador and some other countries, 
subject to annoying fluctuations. Coflfee, first in value of Brazilian products, 
is grown chiefly in the Sao Paulo region. Cither important products are cacao, 
cotton, tobacco,, cattle, sugar 'and Brazil nuts. Rubber has taken a back seat, at 
least for the time being. 

I am particularly indebted to Dr. Angelo M. da Costa Lima, entomologist 
in the Department of Agriculture at Rio de Janeiro for his many kindnesses, espe- 
cially in regard to entomological information and letters of introduction. 

The sugar c'ane industry of Brazil is not in a high state of development. The 
chief sugar district lies in around latitude 8** south, in the state of Pernambuco; 
other districts are Campos, in the state of Rio de Janeiro, and Campinas and 
Piracicaba, near Sao Paulo. The sugar cane about Pernambuco is obviously 
superior to grown in the south, where the climate is not so well suited to this 
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tropical plant. The soil about Sao Paulo is said to be decomposed basalt ; it is 
of a reddish color and looks like some of our Hawaiian soils ; that about Escada, 
Pernambuco, Ji^ppears much like fine, partly sandy alluvium, while in Para, near the 
Equator, it Is very sandy except for a rather thin layer of dark top soil. The 
cane varieties go mainly by their Portuguese names; as Canna Preta, Canna Roxa, 
Canna Riscada, Canna Branca and Canna Manteiga, In the south, Canna Preta 
and Roxa suflFer considerably from mosaic disease. Cavangire and Cayenna 
canes were seen in Para. At Campos, I spent several days at the Experiment 
Station, and at Piracicaba, visited the Agricultural School and the Fazendas 
(Estates), Costa Pinto, Monte Alegre and Taquaral. At Campinas, considerable 
time was spent at the Experiment Station plantation and two visits made a little 
beyond to Villa Americana. In the state of Para, in northern Brazil, a short 
trip was made from Belem up river about eight miles, to a small area of period- 
ically submerged cahe grown for the manufacture of Casaga or rum. There- 
abouts also were scattered patches of cacao. Another sugar cane district 100 
kilometers by rail from Belem was reached after a most distressing ride of 10 
hours, the wheezing locomotive pausing now and then to pick up firewood or to 
gather breath before negotiating a grade or curve. 

Diatraea moth-borers are Common also in Brazilian cane fields. At Campos, 
I was shown two larval parasites of this pest, one a Tachinid fly, the other a 
Braconid wasp. The Mctamasius weevil as a cane pest seems generally scarce 
in this country, at least in the more southern sections. It was said to sometimes 
attack cane about Pernambuco, and may be present in palms, etc., in the Amazon 
region. Cosmopolites sordidus, its relative in banana stems, was taken in Cam- 
pinas. Armyworms at times do considerable damage to the leaves, as may the 
white grub of Ligyrus to the roots. Squads of immature grasshoppers of the 
genus Tropidacris, composed of huge insects, are sometimes found in cane fields. 
Froghoppers or spittle insects of several species are among the sugar cane insects 
here, and at least one species that feeds largely upon the superficial root system 
of this plant is reported as quite injurious. I believe, however, that cleaner 
culture would reduce these insects to a great extent, as they are likely to abound 
in weedy fields. Mosaic disease was found to the south, a district in which corn 
was also extensively planted, being frequently alongside of, or even intermixed 
with the cane. 

I worked up from southern to northern Brazil, completing my stay in that 
country in Belem, the capital of the state of Para, in which I remained nearly 
two months. Belem is some distance from the Atlantic Ocean and is situated on 
a branch of the Para River, sometimes considered one of the mouths of the 
Amazon. The true Amazon is to the north, where it is intersected at its. mouth by 
the Equator. A striking feature, at least to the stranger in Belem, is the abun- 
dance and the tameness of the black-headed vultures, here known as “Urubus.’’ 
These funereally clad birds are early to anticipate the garbage wagon in its 
morning rounds, when they may be seen scampering in alt haste with outspread 
wings after this sumptuously laden vehicle and perched on- it helping themselves 
to the contents. More agreeable scenes are to be found in a later walk along 
the matigo-shaded streets, or a visit to the small though interesting zoological 
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A triumvirate of city »2avengers. “Urubua^’ iu Para, Brazil. 


gardens. In this region, as in many others in South America, one cannot fail 
to notice the ‘"Sauba” ant and its depredations. This insect, also known as the 
“leaf-cutting” or “parasol ant” belongs to the genus Afta, stores its very exten- 
sive underground nests with bits of leaves freshly cut from trees or lesser vegeta- 
tion, including even the sugar cane. Thus plants may be quite stripped of their 
leaves, which are used by the ants as a medium upon which to cultivate the 
fungus upon which they feed. Long lines of these insects, each ant bearing its 
leaf bit aloft, are a common sight crossing roads or following their own path- 
like trails. The “Saiiba” ant then is a serious pest in the American tropics, and 
while efforts have been made to combat it, the fact that a colony of these insects 
my constitute, so to speak, an underground village, makes the task a difficult 
one'. Idle ant is not without its use, however, for the very large, fat-bodied 
queens, when with the males they issue forth on their nuptial flights in immense 
numbers, furnish a welcome addition to the scant bill-of-fare of many an Indian 
family. 

A hunt for wireworms at Rezende, at Campinas and at Piracicaba yielded 
numbers of one or two species allied to the Monocrepidius type. In one case, 
adults of one species could be secured in large nunabers on the leaves of corn. 
In this section of Brazil the larvae have been found damaging the roots of corn, 
cotton and other crops. No wireworm enemies were seen. 

In the city of Belem I found several beneficial insects which might prove useful 
in the Hawaifan Islands. For the purpose of securing enough of these and of 
breeding them some sort of laboratory was necessary. Fortunately, a very good 
place was found as a room in a large house, itself in a big garden, the whole of 
which was rented by two men engaged in the business of collecting and selling 
living zoplogical specimens of almost every description. A large section of the 
yard, for example, was devoted to artificial fish ponds stocked chiefly with small 
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mosquito-eating fish, said fish being sold to the Rockefeller Commission which 
used them in their mosquito campaign. The remainder of the yard was taken 
up largely with monkeys, deer, birds, etc., supplemented with cages of various 
kinds of parrots, macaws and parrakeets, so that one might almost take a course 
of natural history there. 

The very city of Belem abounds with mole crickets, of which two species 
were noticed. They infest the sandy soil of the parks and even work between 
the cobblestones of the streets. Each species of mole cricket has its wasp enemy, 
active insects that belong to the genus Larra. Sufficient mole crickets were dug 
up in the yard to use for purposes of parasitization. This digging, mainly in 
clean sandy soil revealed in a.ddition, the larvae and adults of a predaceous ground 
beetle with largely subterranean habits. It is a medium-sized black beetle of the 
genus Scarites of the family Carabidae, and may prove a possible enemy of 
wireworms,* white grubs, and the larva of Fuller’s rose beetle (Pantomerus 
godmani). A wasp that preys upon middle-sized cockroaches and belonging to 
the genus Podium was secured in some numbers in immature stages. All four 
species of these insects were successfully transported to Hawaii and liberated 
in small numbers in what appeared to be favorable situations. 

The return trip from Belfem, Para, to Honolulu, Hawaii, a journey of over 
’8000 miles, via New York and San Francisco, was accomplished in 27 days, 
including a delay of four days in San Francisco, leaving Belem July 1, 1924, 
and arriving in Honolulu July 28, 1924. 

Tolerably large collections of insects were made in South America, including 
a representative assemblage of sugar cane pests, and many other insects of gen- 
eral interest and of economic importance. 

The explorations failed to bring to light any insect parasites of Elaterid wire- 
worms, though wireworms themselves were at times quite abundant. No doubt, 
further search would in the course of time yield more or less eflfective parasites 
of these insects. 

Pineapple Insects. 

The pineapples cultivated in the environs of Guayaquil, Ecuador, are fre- 
quently of large size, their meat is delicate, white and well flavored and con- 
taining tolerably large seeds. At San Miguel, about 20 miles from Guayaquil, 
was a small plantation of pineapples. The plants had a healthy appearance and 
the fruits often bent the stalks by their weight The pineapple mealybug was 
common enough but found in quantity only on young fruit still in blossom. Three 
such affected fruits were kept in a glass jar for over two weeks in hopes of 
rearing internal parasites of the mealybug. None such was obtained, however, 
although some midge-like flies were produced from orange-colored maggots that 
were feeding underneath but probably upon the mealybugs. The maggots spun 
whitish cGcopns and the pupae were partly extruded from them when the adults 
emerged. A small, dark-colored Ladybeetle (Coccinellidae) with a mealy larva 
was another enemy of these coccids. A little moth larva was common on the 
fruits where it fed apparently upon available debris. The larva of a Lycaenid 
butterfly of the Theda group was twice found feeding on the pineapple. Its fat, 
littl? slug-shaped larva bores into the fruit inducing decay. It is a prolonged 
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and heavy eater and undoubtedly quite a pest. Two butterflies were reared to 
maturity. The insect has a wide distribution in tropical America and I recall 
a caterpillar of this or a related species as being intercepted in quarantine in San 
Francisco in 1909, on a pineapple hailing from Mexico or Central America. 

The pineapple belongs to the Bromeliaceae, a family so immensely developed 
in the Neotropics that it is no doubt the home of our edible species. “Wild 
pines/’ as they are known in British Guiana, are represented as large plants but 
with small though delicious fruit. The Bromeliaceae occur both as terrestrial 
and tree-dwelling forms ; of the former are several fibre-producing plants, while 
of the latter we have the so-called “Spanish moss” {Tillandsia) and a host of 
other kinds, some with very handsome inflorescences though a comparative super- 
abundance of le'aves. Not a few have rather pleasantly flavored if dimunitive 
fruits. 

Forest Conditions 

In parts of South America many desirable forest trees, palms and flowering 
plants were observed. On entering a forest, however, a feeling of helplessness 
seizes one as he views the assemblage of unknown forms, only here and there 
doubtfully recognizing some specimen. 

In the immediate vicinity of Guayaquil, Ecuador, there are bignoniaceous 
trees that blossom out before leafing, and such appear from afar as a mass of 
deep yellow, that rival in beauty the “Golden Shower” (Cassia fistula) of Ha- 
waii. In the same environment are certain rather large trees that produce capsules 
containing downy material with commercial possibilities, while the large, loose, 
wild cotton bush (Gossypiunt ) is spangled with masses of white. More to the in- 
terior in the damp forests, palms show great development, from the yard-high 
dwarf in fruit to slender giants that may exceed 100 feet in height. What was 
described to me as a “Palma Real” is a tall species that grows at proper elevation 
on the eastern slopes of the Ecuadorean Andes, where, surpassing in height the 
trees of the forest, it forms the skyline along the mountains. Strangling fig trees, 
known in Ecuador as “Matapalos”, while by no means so numerous as in the 
Philippines, often attain an immense size, standing out in otherwise cleared 
arenas of virgin forests as solitary giants too huge and useless to be cut down. 
On the Andean plateau, the Eucalyptus has been planted and has proved valuable 
both for construction purposes and as firewood, quantities being used for the 
locomotives of the Guayaquil and Quito Railroad. The so-called pepper tree 
(Schinus mollis) grows naturally in parts of this high land, as does the “Capuli”, 
(Prunus salicifolius) a pretty tree with execrable fruit. A departure from 
ordinary willows is to be found in the “Sauce” (Salix humJjoldtian^i) , a tall 
slender tree with much the same habitus as the Lombardy poplar. The “Sauce” 
is conspicuous in the Andean village of Banos, where examples attain a height of 
fifty feet or more. Epiphytes (plants which grow on other plants, but do not 
derive their nourishment from them) often “sit” on trees in immense numbers, 
particularly in the moister regions ; this is especially true of various Bromeliaceae 
(pineapple family), Araceae (relatives of the “Calla lily”), and of orchids. 
Scandent cacti are well represented, though perhaps not in the dampest forests. 
Many of these cactus plants root upon the host itself, not sending other roots 
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to the ground. Numbers of the Bromeliaceae bear a handsome inflorescence, 
pinkish, red, yellow, etc. ; their leaf bases may hold considerable water, which 
forms a good breeding place for mosquitoes, Psychodid flies and other aquatic 
insects as well as for certain tree toads. The Araceae may be represented by 
dozens of species even within a very circumscribed area; many are terrestrial 
and a few that flourish in bogs or meadows are among the most attractive. Hand- 
some orchids are to be found as high up in the Andes as 10,000 feet ; terrestrial 
species are common though often inconspicuous ; over a dozen kinds were ob- 
served in the neighborhood of Banos. The Sobralia are very handsome terrestrial 



Sobralia sp. A terrestrial orchid common about 
Banos, Ecuador, A much handsomer and larger 
Sobralia is found at lower levels. 


orchids, with white or purple and white flowers three to five inches in diameter. 
These are terminal from graceful leafy stems, and the plants were found often 
in numbers along river banks, or on steep slopes at about 3,000-6,000 feet eleva- 
tion. A fine white-flowered lily {Eucharis sp.) grows naturally in the forests and 
is much used as an ornamental plant in some tropical cities. 

In British Guiana are immense forests composed of many species of trees, 
with giants such as the great buttressed “Mora” {Dimorphandra sp.) a con- 
spicuous element, Along the lower reaches of the rivers and near the coast, 
the wide-crowned silk cotton tree (Ceiba pentandra) rises above its fellows. 





A small species of orchid. The plant is fan-shaped, clinging by means of 
its roots to a branch or leaf; the comparatively large flowers are few and 
yellow with brown spots. It is common in eastern Kcuador, where it grows 
and flowers occasionally in such profusion on a tree as to give the latter the 
appearance of being in blossom. Plant % natural size. Sej)arated flower 
4 

about X~ 

The Sand-box {Hum crepitans), a sort of weed tree of poisonous character is 
another huge, quickly growing species whose trunk is studded with close set 
spines. 

The forests about Rio de Janeiro, while really tropical, are, generally speaking, 
formed of medium large trees. There are not a few trees here that in the 
flowering season stand out as gorgeous masses of yellow in a background of 
dark green, while a sm;all tre^ belonging to the Melastomaceae is equally beauti- 
ful in its garb of magenta blossoms. Conspicuous in second growth areas is the 
rapidly growing Cecropia tree represented by several species; other species of 
this genus by reason of their pale leaves, stand out in the forest as conspicuously 
as, though singly or in smaller groups, than the ‘'Kukui^' {Aleurites nwluccam) 
of the Hawaiian Islands. Growing in moderate abundance upon unhealthy trees 
between Rio de Janeiro and Campos, was a species of Cattleya ( ?) orchid with 
handsome purplish flowers ; this \yas one of the few instances noted where 
orchids were conspicuous for their abundance as well as for their beauty. 
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A giant Hura crepitans tree in the lowlands of 
British (iuiana. It is a quick-growing weed tree 
of little coimnercial value. 



Royal palms (Oreodoxa olcracea) in the botanic 
gawlens at Rio de Janeiro. The palms attain a 
height of well over 100 feet. 


Most of the tropical cities were well planted with shade and ornamental palms 
and trees. Of the first, the Royal Palm {Oreodoxa olcracea) was by far the 
most striking in Brazil. While not having the whitish stem of the Oreodoxa 
regia in these Islands, they exceed the latter in grace and stature, and aisles of 
these fine palms show many an individual a hundred or more feet tall. As in 
the Orient, wild fig trees are favorites in South American cities. The commonest 
fig tree in Brazil, and it seems to ]>e the same as grown in Guayaquil, was of 
the strangling type and given me as Ficus lividay obviously a close relative of 
Ficus retusa. Other common city trees were Ternunalia cafappa, Grevillea 
robusta, Moquilea tomentosa, a species of Artocarpus, and the “Rain Tree”, 
Somanea saman. 
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Sampling Sugar Cane for Juice Analysis 


By J. A. Verret 

The commercial value of a sugar cane variety is almost entirely dependent 
upon its yield of cane per acre and the ambunt of sugar which the cane con- 
tains. When one has fairly large amounts of a variety it is not a hard problem 
to determine its sugar content. But when one is working with but small amounts 
of new seedlings or bud selection progenies the problem is much more difficult. 
Analyzing a few whole stalks at harvest time is not satisfactory in that the 
results vary within such wide limits from year to year as to be of no great value 
except as rough approximations, 

In the Memoirs of the Department of Agriculture in India, Botanical Series, 
Vol. VIII, in an article entitled ^‘Studies in Indian Sugar Canes, C. A. Barber 
mentions very briefly a method of sampling which appealed to us as being very 
sound. 

The method is based on .the assumption that that part of the sugar cane stalk 
from which the leaves have matured and died is to all intents and purposes, ripe. 

We tried this out this season with what seems to us to be very satisfactory 
results. 

In our bud selection work it is very important to know as soon as possible 
the sugar content of the various progenies selected. It seems to ns as reasonable 
to assume that bud sports occur affecting the sugar content of a variety as well 
as the tonnage of cane. The problem was one of sampling. 

We have growing at the Makiki Plots, 37 lines of selected H 109, con- 
sisting of five different progenies. These were selected several years ago and 
have been harvested three times. 

We decided to make a juice determination on these progenies, using the so- 
called ^'dry leaf portion” method mentioned above. 

The cane was plant. Seed pieces with all eyes, but one, being gouged out, 
were used in planting. The eyes were spaced two feet in the line. The lines 
were 30 feet long, giving 15 stools per line. 

In sampling, primary stalks only were used. This can be easily done in plant 
cane with single eye planting. This gave a maximum of one stalk per stool and 
15 per line. Primary stalk.s were taken in order that all stalks be of the same age. 

All stalks were very carefully examined and all which were in any way 
damaged were discarded. This examination was made both in the field and at 
the mill. The single stalks were run through the small mill one at a time and 
the juice from each taken separately. As the crushed stalk emerged from the 
mill it was carefully examined and whenever appreciable discolorations were 
noted the 'juice was discarded. We found this to be the best way to make sure 
that juice from sound stalks only was being taken. 

The stalks were topped immediately below the highest node which held a 
dead leaf, that is, a leaf which had matured and stopped functioning. With this 
pai;ticlilar cane this point was generally fifteen leaves from the top, counting the 
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last rolled leaves as one. The rate of joint formation on the primary stalks 
seemed to have been very uniform, as the large majority had from 24 to 26 
matured joints when sampled. 

In the following table we give the results obtained. The analyses represent 
the average for each line, consisting generally of 15 stalks. A few stalks were 
discarded on account of borer or other injury. 

Totjs cane Tons sugar 


Row No. 

Prog. No. 

Brix 

Pol. 

Pur. 

Q.R. 

per acre 

per acre 

1 (outside 

line) 5 

16.6 

15.18 

91.4 

8.60 

61 9 


2 

3 

16.7 

15.44 

92.5 

8.38 

68.2 


3 

1 

16.6 

15.21 

91.6 

8.56 

64.0 


4 

3 

16.0 

14.71 

91.9 

8.84 

67.2 


5 

1 

16.4 

15.05 

91.8 

8.64 

74.0 


6 

3 

16.3 

14.93 

91.6 

8.73 

71.7 


7 

1 

16.4 

15.08 

02.0 

8.61 

70.3 


8 

2 

16.5 

15.16 

91 . 7 

8.57 

57.5 


9 

1 

16.2 

15.08 

93.1 

8.55 

62.8 


10 

3 

16.4 

15.24 

92.9 

8.47 

65.0 


1 1 

1 

16.6 

15.41 

92.8 

8.38 

53.7 


12 

2 

16.8 

15.70 

93.5 

8.19 

57.8 


13 

1 

16.7 

15.51 

92.9 

8.31 

59 . 2 


14 

3 

15.9 

14.55 

91.5 

8 . 96 

59 . 8 


15 

1 

16.5 

15.24 

92.4 

8.50 

69.7 


16 

2 

15.9 

14.42 

90.7 

9.10 

64 . 9 


17 

1 

16.4 

15.05 

91 . 8 

8.64 

68 . 2 


18 

3 

16.0 

14.57 

91.1 

8.97 

61.4 


19 

1 

16.0 

14.73 

92.1 

8.81 

72 . 6 


20 

2 

15.9 

14.57 

91.6 

8.91 

62.6 


21 

1 

16,1 

14.71 

91.4 

8.87 

65.5 


22 

3 

16.3 

14.95 

91.7 

8.71 

78.0 


23 

1 

16.3 

15.10 

92.6 

8.57 

58.4 


Row No. 

Prog. No. 

Brix 

Pol. 

Pur. 

Q.R. 

Tons cane 
per acre 

Tons sugar 
per acre 

24 

i) 

16.5 

15. .39 

93.3 

8.37 

58.5 


25 

1 

16.4 

15.27 

93.1 

8.43 

51.6 


26 

3 

16.5 

15.. 39 

93 . 3 

8.37 

66.9 


27 

1 

16.5 

15.34 

93.0 

8.41 

66,0 


28 

2 

16.8 

15.. 56 

92.6 

8.31 

69 . 8 


29 

1 

16.7 

15.44 

92.5 

8.38 

65.9 


30 

3 

17.1 

15.83 

92,6 

8.17 

62.8 


31 

1 

17.0 

15.88 

93.4 

7.92 

60.1 


32 

2 

16.8 

15.68 

93.3 

8.22 

58.5 


33 

1 

16,8 

15.68 

93.3 

8.22 

60.1 


34 

3 

16.2 

14.85 

91.6 

8.77 

57.4 


35 

1 

17.0 

16.00 

94.1 

7.82 

62.4 


16 

2 

16.5 

15.14 

91.7 

8.60 

64.5 


37 

1 

16.8 

15.54 

92.4 

8.33 

63.3 


38 (outside 

line) 4 

16.9 

15.64 

92.5 

8.28 

79.4 


Ground 

Aug. 

1 

16.5 

15.30 

92.6 

8.46 

63.8 

7.53 

< < 

2 

16.5 

15.20 

92.3 

8.52 

61.8 

7.25 

i ( 

3 

16.3 

36.05 

92.1 

8.62 

65.9 

7.64 

i i 

4 # 

16,9 

15.64 

92.5 

8.28 


, , , . 

t { 

5* 

16.6 

15.18 

91.4 

8.60 




* Progenies 4 and 6 consisted of but one line each and were outside, so are not quite so 
comparative. 
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Progenies 4 and 5 having but one outside line each are not directly comparable 
with the others/ But even then in studying the results we find comparatively 
little fluctuation. The agreement is certainly much closer than if whole stools had 
been taken for samples. 

We next tried individual stalks, taking the primary of each stool for analysis. 
Although the results vary a little more than the line averages, they are better, 
we believe, than if the whole stool had been taken. 

One such series is given below: 


Stool 

No. 

No. of fltalks 
in stool 

Weight of 
Primary 

Brix 

Juice Teet of Primary 

Pol. Pur. 

Q.B. 

1 

12 

4.7 

16.6 

15.29 

92.2 

8.48 

2 







3 

8 

4.0 

17.2 

15.83 

92.0 

8.20 

4 

...-. 10 

4.1 

17.4 

16.04 

92.2 

8.09 

5 

9 

4.1 

16.6 

15.31 

92.3 

8.46 

6 

4 

4.0 

16.5 

14.95 

90.6 

8.78 

7 

6 

3.8 

16.5 

15.13 

91.7 

8.60 

8 

6 

3.8 

16.3 

15.05 

92.3 

8.61 

9 

4 

3,9 

16.5 

15.10 

91.5 

8.63 

10 

6 

4.3 

16.6 

15.29 

92.1 

8.49 

11 

3 

5.1 

16.5 

15.13 

92.7 

8.54 

12 

5 

4.5 

16.2 

14.86 

91.7 

8.76 

13 

5 

3.9 

16.0 

14.57 

91.0 

8.98 

14 

8 

4.2 

16.6 

15.15 

93.4 

8.49 

15 

11 

3.1 

16.3 

14.88 

91.3 

8.78 


Average 16.6 15.18 91.4 8.60 


We believe this method offers a practical way to get at the sugar content of 
our Bud Selection progenies. By working with single eye, (or so-called Cuban 
seed piece) plant cane, we can go through the area taking the primary of each 
stool. The rest of the stool remains and can be used for seed later, when the 
best stools in sugar in the best progenies can be picked. 

An interesting test can be conducted along these lines, by taking, for instance, 
500 or 1,000 stools. From this, pick the hundred stools with the highest 
sugar content and the hundred with the lowest. Plant one or two seeds of each 
alternating, repeating for several crops. 

We plan starting work of this nature at Waipio this year. 


Growth Measurements 


By W. C. Jennings 

The subject of growth measureitients is being brought up, not as a new idea, 
but as one which is not receiving the attention it menFs. The: results derived 
from the first season of the work at Hawi Mill & Plantation Co., Ltd., have 
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proven so valuable that we now have visions of seeing most of the plantations, 
at least the irrigated plantations, eventually coming under some system of agri- 
cultural control which will be based on some method of collecting and recording 
growth measurements. 

The purpose of this article is to describe the methods being used at Hawi Mill 
& Plantation Co., Ltd., where we are already making a practical application of 
the growth measurement idea to field practices. Before going into the details of 
the system at tiawi we want to especially emphasize the fact that the conducting 
of growth measurements does not necessarily mean the employment of trained 
or high salaried men for the work. Any laborer who can read and write and is 
in any degree dependable can take care of the time-consuming and laborious part 
of the work. The checking and recording of the measurements taken by this 
laborer need take only a small proportion of the time of some plantation office 
assistant or of some dependable overseer. 

Our method of measuring cane stalks is described in detail in the Record for 
Oclober, 1924, by H. K. Stender. Details of investigations and studies as to 
the reliability of this method are described in the Record for July, 1922, and in 
The lmf>ro 7 ’cment of Sugar Cane Through Bud Selection report of 1922 by A. 
D. Shamel. 

In our preliminary experimental work at Hawi, testing this method of measur- 
ing cane growth, we secured surprisingly uniform results in tests where measure- 
ments were conducted on as few as 30 stalks in a series. One test comparing nine 
series of 30 measurements each, the results of which were illustrated by graphic 
curves, gave very uniform results from all nine series, while all the area within 
the lest received uniform treatment. 

At Hawi Mill & Plantation Co., Ltd., the general plan is to measure 50 stalks 
in each field. If the field is planted to more than one variety 50 measurements 
are taken on each variety. 

The locations in the field in which stalks are to be measured always represent, 
as near as can be determined, average conditions in the field. If a field is very 
rolling, for instance, and about one quarter of the area is in hollows while the 
remainder is hills, the measurements are distributed in like proportion, that is, one 
quarter of the measurements would be taken in the hollows and three quarters 
on stalks growing on hills. Stalks from stools on watercourses, outside lines, 
etc., are not measured. 

The stalks selected for measurement are marked with Pvroxolin tags giving 
the stalk number. When animal cultivation is finished in the fields wooden stakes 
are placed in the middle of the rows near the stalks to be measured. This saves 
much time in locating the measurements when the cane has closed in. Stakes are 
also placed around the edges of the field or along the field roads at intervals 
giving directions for locating the nearest measurements. 

Measurements are taken every two weeks on each field. After the stalks have 
been selected and the first measurement made the work of measuring is turned 
over to a laborer. Each morning this laborer is supplied with sheets such as the 
one shown in Table 1 giving the field number, variety and number of the stalks 
to be measured. These sheets are turned into the office each evening and this 
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data is entered on sheets such as are shown in Table 2 by whoever is in charge 
of the work. 

The work of the man taking the measurements in the field is checked by the 
person who works out the sheet shown in Table 2. This checking of the honesty 
and accuracy of the man who does the measuring works out as follows: 

1, The measurements as taken in the field are entered on sheet No. 1 and these 
sheets are turned into the office every afternoon, leaving no record in the hands 
of the measurer. 

2. The moral eflPect arising from the fact that whoever is working up the 
data on sheet No. 2 can at any time check up very easily on any or all the measure- 
ments turned in at any time, as the stalks are tagged and numbered and easily 
located, and the person working up the data can always keep the measurer un- 
certain as to when and to what particular location he may decide to check up on. 

The next most important step in the work at Hawi after the collection and 
recording of this data is the presentation of it in a form which attracts the in- 
terest of the field men. This has been done by means of graphic charts. By 
showing climatalogical data, time and amount of irrigation by graphic curves on 
the same chart with the growth curves many interesting and valuable correlations 
between cane growth and these factors controlling growth have been observed. 

Chart I shows a chart worked up for Field Hoea 5 at Hawi Mill & Plantation 
Company, Ltd. 

Chart II shows a chart which is also worked up for each field. On this chart 
a record of all field operations, such as weeding, fertilization, etc., is kept. Each 
operation is entered on this chart on the day on which the round was completed. 

The growth in each field at Hawi is shown graphically as in Chart 1. In 
addition to this the fields are grouped as follows : 

1. Irrigated plant cane. 

2. Irrigated ratoon fields. 

3. Unirrigated plant. 

4. Unirrigated ratoons. 

A chart is made out for each of these groups. On these charts are shown the 
individual curves for each field within the group and also an average curve for 
each group. 

In actual practice this system of charting measurement data is proving to be 
of great value. If after a periodical measurement any particular field shows either 
more or less growth than the average for the group to which it belongs, an in- 
vestigation can immediately be started to see why this is the case. The chart 
shown in Chart I will show to what extent weather conditions may have affected 
this unusual growth. If the reason is not apparent in this chart we next look at 
the chart shown in Chart II and see what has been done to this field in the line 
of weeding, fertilization, etc., or what treatments may have been omitted on this 
field, which the other fields in the group have received. 

It is possible in this way to keep a very close check on what each field is doing. 
By knowing what each field is doing it is possible to attempt to bring up fields 
which are dropping below the average for the group, or again possibly to bring 
all the Ijelds up to a high standard set by some particular field by studying the 
conditions that have brought about such a high standard of growth. 
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The layout at Hawi gives every indication that much of the guess work can 
be eliminated from cane culture by conducting growth measurements and we can 
learn the effects of different treatments such as irrigation, fertilization, etc., with- 
out waiting one or two years for harvesting results. 

Summary 

1. Conducting growth measurements, even on every field of a plantation 
need not be very expensive. The lime of a fairly dependable laborer who can 
read and write, and the part time of an office assistant or a field overseer is suffi- 
cient to take care of the work. 

2. By installing a system of collecting and recording the measurement data, 
such as is outlined above in this report, an efficient check on the honesty and 
accuracy of the man who actually measures the stalks in the field, can be 
maintained. 

3. Showing graphically cane growth together with many of the factors con- 
trolling cane growth makes it possible to correlate these factors with cane growth 
and also gives a complete history of each field that can be easily and clearly seen 
by the field men. 

4. By comparing the growth in different fields with the treatments received 
it may be possible by changes of treatment to bring up fields in which the rate 
of growth is below the average or to bring up all the fields in the group or crop 
to the high standard set by a single field. 

5. By conducting growth measurements it is possible to determine the effects 
of irrigation and fertilization almost immediately. When it is necessary to wait 
one or two years for harvesting, some condition or treatment other than the one 
in question may complicate the results. 


TABLE 1 


Field No Crop 

Variety Date 

Stalk Stalk Stalk Stalk Stalk 


Number Length Number Length Number Length Number Length Number Length 
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TABLE 2 

' Field Number 9 Irrigated 

Variety D 1135 Crop 1925, 1st Eatoons 

Stalk First 

Number Length 7/14 Length 7/28 Growth Length Growth Length Growth Length Growth 
1 37.1 39.2 2.1 


2 

34.2 

37.5 

3.3 

3 

33.9 

86.7 

2.8 

4 

41.2 

42.8 

1.6 

5 

41.7 

43.6 

1.9 

6 

38.3 

41.9 

3.6 

7 

39.6 

42.7 

3.1 

8 

37.8 

40.6 

2.8 

9 

36.4 

38.8 

3.4 

10 

36.7 

39.1 

2.4 

11 

37.4 

39.5 

2.1 

12 

42.1 

45.0 

2.9 

13 

42.3 

45.7 

3.4 

14 

39.6 

41.2 

1.6 

15 

36.9 

39.6 

2.7 

16 

43.2 

45.3 

2.1 

17 

39.5 

42.3 

2.8 

, 18 

37.3 

50.4 

3.1 

19 

36.5 

38.0 

1.5 

20 

35.4 

38.2 

2.8 

21 

33.6 

36.7 

3.1 

22 

CO 

41.1 

3.6 

28 

37.8 

41.3 

3.5 

24 

38,5 

40.0 

1.5 

25 

36.3 

39.7 

3.4 

26 

33 . 7 

35,1 

1,4 

27 

37,8 

40.2 

2.4 

28 

35.8 

37.0 

1,2 

39 

35.5 

37.4 

1.9 

30 

35.4 

36.8 

1.4 

31 

33 . 8 

36.0 

2.2 

32 

38.7 

41.0 

2.3 

33 

37.5 

41.1 

3.6 

34 

35.4 

39.0 . 

3,6 

35 

34.6 

35.9 

1.3 

36 

37.6 

39.6 

2.0 

37 

42,8 

44.0 

1.2 

38 

39.2 

42.2 

3.0 

39 

38.7 

41.0 

2.3 

40 

43.6 

45.0 

1.4 

41 

41.2 

43.1 

1.9 

42 

33.6 

36.1 

2.5 

43 

33.8 

35.1 

1.3 

44 

34.7 

36.0 

1.3 

45 

'37.9 

40.0 

2.1 

46 

38.6 

41.1 

2.5 

47 

33.7 

35.2 

1.5 

48 

32.9 

34.0 

1.1 

49 

41.2 

43.0 

1.8 

/ 5a,; 

43.4 

45.2 

1.8 

Total. . . 

..1885.4 

2007.0 

121.9 


A.verage. . , . . . ...... . , . . . . . ; , .2.48 * 
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The Fern Weevil 


By C. E. Pemberton 

A short investigation of the fern weevil situation in the Kilauea region has 
just been coitipleted. One day was devoted to a survey of the spread and dis- 
tribution of the weevil and two days to a study of its parasitism by the Australian 
parasite Ischiogonus syagrii Fullaway. 

As was expected, the weevil is slowly spreading. It was found from 400 to 
600 feet beyond the original infested area, wherever ferns are available. The 
present distribution could not be mapped out in a few day’s time, but no weevils 
were found at a distance of approximately one-quarter mile or at even greater 
distances. We need not greatly concern ourselves with the present exact distribu- 
tion of the weevil, for in a period of ten or twelve years it will have occupied a 
large area of forest in the Kilauea country. It is present in the Cooke, Giffard, 
Young, English, and Carlsmith lots, has spread well into the Olaa Forest Reserve 
above these lots, is across the Volcano Road into the Shipman forest above the 
Shipman buildings, and has spread in the Hilo direction as far as the Peter Lee 
lot. As stated above, it was not found as far as one-quarter mile from the first 
infested area. A careful search was made in the forest lying between the old 
Crater Hotel grounds and the infested ground, with negative results. This is a 
continuous forest and the weevil has penetrated only some 200 or 300 feet into 
it from the lower boundary across the Volcano Road from the Shipman buildings. 

The object of the investigation was to determine the extent to which the weevil 
is being parasitized and controlled by the introduced parasite. 

The weevil is very much under control. The ferns in the new territory inlo 
which the weevil has spread are not being killed, in general they are not suffering 
and a new growth of ferns has appeared and is increasing in the original infested 
area which was burned in 1920 in an effort to eradicate the pest. Weevils are 
present on the fronds here and there, usually in twos or threes. Ferns bearing 
a dozen weevils are uncommon, though occasionally one is seen. There is no 
massing of weevils on any of the ferns, as was the usual thing in 1920. The 
attack on the ferns on the original ground and in the new territory into which 
it has spread is now mild. There is no desolation as in 1920 and it seems fully 
logical at- present to conclude that the ultimate spread of the weevil over the 
entire Kilauea fern-forest area will be of so mild a nature that neither ferns nor 
native forest growth, dependent on them for ground cover, will suffer. 

This reduction in beetle abundance and damage would appear to be solely 
owing to the activities of the imported parasite, Ischiogonns. It is abundant 
and effective both in the old and new areas of weevil infestation. It is para- 
sitizing the larvae of the beetle at the very limits of its spread. As near as could 
be determined, the parasitism now amouuls to 60.7 per cent. The exact degree 
of control could only be determined after many weeks of study and the above 
figure is made only from counts made here and there over the entire infested 
region. It is based on an examination of 403 channels made by the beetle-larvae 
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in the fern stems. Growing larvae were not considered, as they might yet be 
parasitized before reaching maturity. Unparasitized individuals were those 
larvae which had pupated or matured to beetles and left in the stem the typical 
emergence hole of the adult. Parasitized individuals were those wherein the 
borer channels showed the clusters of parasite cocoons, either empty or still 
occupied, there being 1 cluster per parasitized individual. In this manner I 
found, in the older fern stems, 158 beetle emergence holes or beetle pupae and 
245 clusters of parasite cocoons. Sometimes the cluster in the channel comprised 
only 2 or 3 cocoons and occasionally only one. The adult parasite wasps were 
seen hovering about in the ferns wherever the weevil occurred. The parasitism 
was particularly high among the young ferns springing up in the burned off area. 
This is because the stems of the young ferns are small and the contained beetle 
grubs are very easily reached by the sting of the parasitic wasp. 

I believe the recent ash eruption of the Kilauea Volcano has temporarily in- 
terfered, to some extent, with the efficiency of the parasite. The entire forest, 
for several miles around, was coated with this ash and formed a mud-like layer 
over most of the fern stems. This must interfere a good deal and prevent the 
female wasp, which is small >nd delicate, from properly ovipositing on many of 
the weevil larvae lying within the coated fern stems. I am indebted to Mr. W. 
M. Giffard for advance information respecting this. However, if there has been 
such a check, it was only temporary, for the parasite is now actively operating. 
This mud still remains on the stems. Over the entire area covered by this erup- 
tion and particularly where the ferns are shaded and tender, much of the growth 
is broken and dead from the weight of the accumulated mud-like ash. Tender 
fronds have broken in halves, the outer half hanging dead. The tips are likewise 
hanging dead on many of the ferns and often whole fronds have fallen over and 
withered from the same cause. When entering the weevil-infested area one would 
first ascribe this damage to the insect, but examination soon shows it to be other- 
wise, particularly when the uninfested area is visited. 


Welding As a Reclaiming 2Uid Manufacturing Factor'*^ 

By Arthur G. Cooper 

There are several commercial processes of welding worthy of mention, but, 
as only three of these are being used in Hawaii, the purpose of this paper is to 
partly cover the field of application of these three processes. They are, according 
to their respective fields of application. Electric Arc, Oxy-Acetylene, and Thermit. 

Electric Arc: There are two kinds of electric arc welds; the metallic arc 
process and the carbon arc process. 

On account of its simplicity and general superiority, the metallic arc is more 
generally used. The physical chatacteristics are, however, quite similar. The 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 
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physical characteristics of both are determined chiefly by the perfection of fusion 
between the pieces of metal to be united. 

The metallic process is more readily examined to determine its degree of 
fusion. This is usually accomplished by breaking the arc while welding is in 
progress and observing the depth of the craler. The operator may also observe 
the depth of penetration while welding is being done and judge as to quality of 
the weld. The only exception to this, however, is when a current of too great 
a density for the welding electrode or the thickness of the metal being welded, 
is used. The importance of this cannot be too strongly emphasized when break- 
ing in a student welder, as the strength of the weld depends largely on the current 
density for various size electrodes. The following table represents the approx- 
imate values of arc current and electrode diameter for various horizontal plate 
thicknesses used by the leading manufacturers and repair shops : 


Thickness of 

Amperes 

Electrode 

metal 

Arc current 

diameter 

1/8 inch 

50—75 

1/32 inch 

1/4 

^•5—125 

1/16 

3/8 

0 

1 

3/32 

1/2 

125—175 

1/8 

5/8 

135—185 

5/32 

3/4 

150—200 

3/16 '' 

7/8 

175—225 

3/16 

1 

175—250 

3/16 


The overlapping and welding of two places of the thicknesses given in the 
above table, however, will necessitate increasing the arc current and the electrode 
diameter due to the increased thermal capacity of the two sections. In lap weld- 
ing two such sections, the current should be approximately 100 per cent higher. 
After the required current has been obtained, the electrode diameter should be 
increased. The required size can be found by referring to the above table for 
electrodes corresponding to various currents. 

The electrode material is also an important factor. To prevent unfused areas 
from occurring in the weld, it is necessary that the fusing temperature of the 
electrode should exceed that of the metal to be welded. Pure iron has a very 
high melting point, but, due to its high affinity for oxygen in its vaporized form, 
excessive oxidation occurs, resulting in an inferior weld. The use of an electrode 
with a lower melting point than that of the metal to be welded results also in an 
overlap resulting in unfused pockets underneath the deposited metal. 

There are numerous ways of determining the character of a weld. The 
factors which determine the physical characteristics of a metallic arc weld, how- 
ever, are fusion, slag content, porosity and crystal structure. 

A visual examination of a weld may be made to determine the surface finish 
indicating the operator’s regard for good workmanship, length of unbroken de- 
posits, indicating ease of operation and ability to control the arc; uniformity 
of deposit indicating faithfulness of operator in depositing metal in its required 
place; proper fusion of metal at bottom of weld as shown from bottom of weld; 
amount of surface porosity and slag indicating either of three things, machine of 
inferior design, unsuitable electrode or improper preparation of metal. 
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The applications for electric welding are many and varied, but, principally 
to repairing and manufacturing ferrous metals. It is believed that anything 
made of steel can be repaired by the electric process, considering, of course, the 
ultimate strength any electric weld would have when made under favorable 
conditions as compared with the strength of the parent metal. It should also be 
remembered that electric metal that has been deposited through an electric arc 
is no longer a piece of rolled steel but cast. The natural thing to do, is to make 
our finished welds possess as near forging characteristics as possible, especially 
where the amount of deposit is limited for lack of space. 

The approximate speed of electric arc welding is given in the following table : 


Plate 
thickncsH 
1/8 inch 
3/16 
1/4 
1/2 


Speed of welding 
in feet per hour 
30 
25 
20 
4 


In general, an estimate can be made allowing 8 to 10 cubic inches of deposited 
metal per hour using a current 175 amperes and an electrode of 5/32 inch. 

The cost of electric arc welding will average about 3 to 1 in favor of the arc 
over gas, except on sheet steel of 1/8 inch or less. 

Gas Welding'. The French must be given credit for producing the first com- 
mercially successful oxy-acetylene blow pipe or torch, about 1901. The torch is 
in reality the heart of the gas welding system, as it must function to supply the 
oxygen and acetylene at the proper rate to produce a flame for satisfactory weld- 
ing. The combination of oxygen and hydrogen is also used for gas welding and 
cutting. 

When welding with the gas torch the flame is directed against the material to 
be welded. The filler material in the form of a rod is also held in the flame, which 
causes it to be melted and unite with the molten portions of the material. The 
pTOper adjvistmeiit oi the gases must he made so that the flame m\\ be neutral and 

not oxidizing. 

The oxy-acetylene flame is not intrinsically as hot and the heat is not nearly 
so concentrated as that of the electric arc. For this reason, the chief welding field 
for gas at present is that of the sheet metal of less than one-eighth inch in thick- 
ness and for non-ferrous metals. If the joint must be very smooth, the gas process 
will undoubtedly give superior results in the long run. There is also less tendency 
to burn the metal when working with thin material, this being due to the fact 
that the gas welding flame produces a lower temperature. Since the gas flame is 
not as hot and concentrated as the electric arc, the time required to perform a weld 
in thick material is in the ratio of 2 or 3 to 1. This condition together with spread- 
ing of flame, results in much trouble due to expansion and contraction of mild 
steel plates. ' The actual difference in cost of gas and arc welding had been found 
by some investigators to be as high as 3.1 in favor of the arc, taking all charges 
into account. 

Based upon statistics obtained from various sources, it has been found that 
the cost of welding 1/8 inch plates is about the same for gas and the arc. Plates 
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1/4 inch thick can be welded by arc for about half the cost of .gas welding. For 
plates 1/2 inch thick, the arc cost will be from 25 per cent to 15 per cent that of 
gas. These figures are based upon total costs of doing the work. 

The oxy-acetylene process is subject to the same criticism as the carbon elec- 
trode process, namely, that it is possible for a careless or inexperienced welder 
to melt the filling material too rapidly, thereby causing it to flow over unfused 
surfaces of the work, which produces a weak weld. In the hands of a skilled 
operator, however, thoroughly satisfactory welds can be executed. 

In the field of cutting, the gas flame, although more expensive, is preeminently 
the better for cutting mild steel plates, angles and shapes. For this work, a special 
tip is used, which reduces the acetylene to a minimum sufficient to support the 
flame, whereas the oxygen is supplied in greater quantities. The action produced 
is that of oxidization or burning, which takes place very rapidly, with the removal 
of a minimum amount of material. The action is the same as that of the familiar 
physics experiment wherein a piece of watch spring is heated to a red color in a 
Bunson flame, after which it is dropped in a buttle of pure oxygen, whereupon the 
spring is rapidly consumed, accompanied by a rather spectacular pyrotechnic dis- 
play. Cast iron, however, contains such a large percentage of carbon, both com- 
bined with iron and in the free state, that the burning process cannot be used. 
The metal must be actually melted and, therefore, the electric arc is faster than 
the gas, owing to the difference of the intrinsic heat values. 

Thermit IV elding'. The Thermit process of wxlding differs principally in the 
rate of application and the removing to a great extent of the j)ersonal element. 
According to different engineers, this comprises about 90 per cent of the efficiency 
of the other two processes. Any ])rogress made in the removal of these elements 
naturally will result in welds that more nearly approach 100 per cent efficiency. 
The personal element is, to a large extent, eliminated from the Thermit process, 
inasmuch as the various involved steps in making a weld are in a measure changed 
to mechanical o])erations that are under control of the operator. 

The making of a Thermit weld will not be gone into in detail here. 

The field of apjdication for Thermit welds differs slightly from the other two 
I)rocesses in that it is particularly applicable to pipe work, rail welding and more 
especially large sections, such as roller shafts, pinions, locomotive frames, marine 
repairs, crank shaft repairs, etc. In fact, the field of application very seldom 
overlaps. 

The tensile strength of a Thermit weld exceeds either the electric or gas due 
principally to expansion and contraction taking place in the whole welded mass 
simultaneously and the exclusion of oxidized portions. It is a physical im- 
possibility to eliminate shrinkage strains by applying only small portions of molten 
metal and allowing this to cool in the same manner. We are also unable to prevent 
oxidation completely. This obviously eliminates gas or electricity where it is 
possible to use Thermit, especially when a weld should be as near perfect as Is 
possible to obtain. 
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Repbrt of the Committee on Irrigation* 


By Frank W. Broadbent 

In presenting a repbrt on the subject of irrigation, the objects have been, 
first, to follow up points mentioned in last year's report but upon which data 
was not available at that time; second, to make notes of such items of progress 
on which it has been possible to secure information, and finally to suggest a few 
topics upon which we might have a general discussion. 

Hawi Overhead System 

It was sugested mi last year's report that there might be trouble after a while 
with the sprinklers clogging, due to the accumulation of rust, dirt, etc., in the 
pipes. Manager Hind writes, however, that in the installations that have been 
in operation for seventeen months no trouble with clogging has occurred. 

At Hawi they have found that 1^2 acre inches per week of overhead irriga- 
tion is sufficient for maximuip growth in young cane. With older cane about 
334 inches every two weeks is necessary. A study is being made as to just what 
age the change should occur. Another study that is being made is on soil 
moisture and growth measurements, resulting from overhead irrigation as against 
the same resulting from irrigation applied by the usual contour system. Mr. 
W. C. Jennings is carrying on these investigations. 

No major improvements have been added to the Hawi system, but they have 
come to the conclusion that with the siare pipes they are using on the laterals 
the length should be no greater than 450 feet. (These lateral pipes vary in 
size from 2 inches down to 34 i^ich at the far end.) 

Orchard System of Irrigation 

Kilauea Plantation reports that they have nothing new to offer on the Orchard 
system of irrigation that has not been presented in previous reports. 

At Koloa Sugar Co. an experiment using the Orchard system was harvested 
this year. Another will come off in the 1925 crop. Of the 1924 test Manager Moir 
does not feel that the results are such as to permit of any decisive comment. 
The following interesting notes are made, however: (1) That the Orchard 
system yielded about l}/4 tons cane per acre more than the contour system. (2) 
That this higher yield is offset by the fact that the Orchard system received 
eight full irrigations for the crop as against three for the contour system; (Note: 
This test was laid out in a mauka semi-irrigated field.) (3) That the cost of 
laying out an area is cheaper per acre than it is for the contour system. (4) 
That the distribution of water by the Orchard system is not effected, as evenly 
as it is possible with the old system. 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolaln,tOetober 27, 
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The test for the crop of 1925 at Koloa Sugar Company is laid out in one of 
the steadily irrigated makai fields of H 109 cane. Measurements have been kept 
of the water used by each system, and to date it is found that the Orchard uses 
from 20 to 25 per cent more water per irrigation per acre than the contour 
system. 

From Ewa Plantation Company it is reported that the test of the '^no water- 
course'' or Orchard system is being continued in ratoons with the object of 
obtaining mort data on yields before conclusions are drawn. The system here 
is noted as a labor saver and as not requiring more water than the regular Ewa 
system. 

A test for the 1924 crop, comparing the Orchard system, Peru system, and 
32-foot and 40-foot watercourse of the regular contour system, has been running 
at the Oahu Sugar Company, Ltd. Interesting figures on the water consumption 
of each system were presented in last year's report. 

Baldwin Flume System 

The Baldwin flume system is being tried out at the Maui Agricultural Com- 
pany, Ltd., by Mr. H. W. Baldwin, the originator. A layout of 150 acres is 
to be harvested in the 1925 crop. 


Ditches 

Pioileer Mill Company, Ltd., has in the last year lined 2>{> miles of the Ho- 
nokahau Tunnel with concrete. This lining is put in with forms, is 4 inches 
thick and has no reinforcing. The inside dimensions are, depth 4 feet 6 inches, 
width at top 6 feet, and width at bottom 4 feet 3 inches. It is designed to carry 
50 million gallons per 24 hours. 

The Hawaiian Commercial & Sugar Company have re-dug and concrete- 
lined approximately 2 miles of their Camp 7 ditch. This is a 21 -million gallon 
ditch. The top width is 7 feet 11 inches, bottom 2 feet 5 inches, and depth 3 
feet ; grade 5 feet per thousand. 

The method of pouring concrete lining in this work is quite interesting. The 
main points are described in VV. P. Alexander’s bulletin The Irrigation of Sugar 
Cane in Hazvaii. To quote : “A 3-inch concrete is placed without forms on the 
ditch banks, which have a 1 to 1 slope, and likewise on the ditch bottom ; the 
concrete is followed up immediately with a plaster finish The plaster- 

ing being placed immecKately upon the unset concrete bonds with it perfectly 
* ♦ ★ necessary to place expansion joints every 15 feet in this 

3-inch lining. If farther apart, expansion and contraction, due to changes in 
temperature, have caused cracking. We use no reinforcing in this concrete. 
Probably the expansion joints could be placed further apart if reinforcement 
were used." 

The concrete used is mixed quite stiff and consists by volume of 1 cement, 
lyi sand and 4 rock. The plaster is' the same less the rock. The mixing is done 
in a “Rex" mixer mounted on a movable platform which is shoved along as the 
work proceeds. The following series of photographs show the details of 
Operation rrtore concisely than can be described. Sixteen men form the mixer 
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crew and one 15-foot frame per man per day, or a total of 240 feet, is the 
regular rate of work. The finished job presents a very neat ditch and evidence 
of lasting qualities is to be seen where such ditches have been in use for several 
years. 

The Wailuku Sugar Company’s pre-cast concrete slab-lined ditches are stand- 
ing up well. Note the sweet potato vines and pigeon peas growing along each 
side, thus saving hoeing and keeping weed seeds out of the irrigation water. 



Concrete Ditch Lining at Hawaiian Commercial & Sugar Co. 

Above: Gcjieral view of the outfit used. The 2" x 4" stringers along each edge 
of the ditch are the only forms used in this work. 

Below: Three men trim sides ahead of mixer, put edge fornfs in place and 
lay tar paper for expansion joints. Five men supply materials from cars to mixer 
skip. Two men operate mixer. Two men shovel concrete up on ditch sides. Two 
men tamp concrete. One man smooths off plaster. An expansion joint is place i 
every 1.5 feet 
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CoNCRETK Ditch Ihning at Hawaiian Commercial & Scgar Co. 

Alwve: Tlip mixer is run along on planks, as shown in the foreground. A 
one-cylinder ^^Novo^’ engine furnishes power. The hose at the right leads 
from the engine-driven pump to an old ditch from which water is obtained. 

Bcloiv: Applying the plaster finish immediately after the concrete has been 
placed. One man stays behind and does the smoothing off wdiile tlu' concrete work 
proceeds. 

Lining by means of cement plaster on chicken wire reinforcement is no longer 
practiced on Maui because of unfavorable results gained from previous work. 
Such lining gives way and cracks easily because of its thinness and unevenness 
of application to the ditch sides. 


6 
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Concrete Ditch Lining at Hawaiian Commercial & Sugar Co. 

Above: After the previous day^s work has set over night, one man applies a 
coat of waterproofing cement wksh with a whitewash brush. 

Below: A section of the finished ditch. 

Water Measurements 

Increased interest in water n^asurements is manifested by the growing number 
of measuring devices used in the Islands. The Great Western Meter Company 
reports tne sale of 232 Lyman meters here, the East, Kauai Water Company, 
Ewa Plantation Company, Hawaiian Homes Commission and the Waimanalo 
Sugar Company, being supplied with the greatest number of meters in the order 
named. ■. 


Wailuku Sugar Company Pre-Cast Concrete Slab-Lined Ditch 

These two photographs show a section of cast concrete slab-lined ditch that 
has been in place for four years. Other sections that have been in place for an 
additional two years look as well. 

At Hawi Mill & Plantation Company, Ltd., several of these meters are in 
use in conjunction with the sprinkler system and have been found accurate and 
handy. 

Mr. John M, Watt, who is in charge of irrigation investigations at Ewa 
Plantation Company, reports as follows: 

This meter (Great Western) is not an expensive machine in comparison to other 
measuring devices in operation for this work. The original outlay is moderate, and 
upkeep is practically nothing. It is fool proof and so requires little attention aside from 
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Concrete Ditch Lining at Hawaiian Commercial & Sugar Co. 

Above: After the .previous day's work has set over night, one man applies a 
coat of waterproofing cement wash with a whitewash brush. 
l^clow: A section of the finished ditch. 


Water Measurements 

Increased interest in water measurements is manifested by the growing number 
of measurii^g devices used in the I^ands. The Great Western Meter Company 
reports the sale of 232 Lyman meters here, the East. Kauai Water Company, 
Ewa Plantation Company, Hawaiian Homes Commission and the Waimanalo 
^Sufar Company, being supplied with the greatest number of meters in the order 
tihmed. < 



Wailuku Sugar Company Pre-Cast Concrete Slaij-Lined Ditch 
T hese two photographs show a section of cast concrete 8laV)-lined ditch, that 
has been in place for four years. Other sections that have been in place for an 
additional two years look as well. 

At Hawi Mill & Plantation Company, Ltd., several of these meters are in 
use in conjunction with the sprinkler system and have been found accurate and 
handy. 

Mr. John M. Watt, who is in charge of irrigation investigations at Ewa 
Plantation Company, reports as follows: 

This meter (Great Western) is not an expensive machine in comparison to other 
measuring devices in operation for this w^ork, The original outlay is moderate, and 
upkeep is practically nothing. It is fool proof and so requires little attention aside from 
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daily readiugB and also seeing now and then that it does not become fouled ^ Wo 

have found that the cost of installation of meter structures is very reasonable * * * 

One carpenter and a helper can make from two to three of those structures in a day. Two 
men can install from one to throe structures a day in the field, depending on the nature of 
the ground tbey are working in, 

Mr. Joel B. Cox, of the McBryde Sugar Company, writes : 

We are using Stevens Water Stage Becorders extensively in our water measurement 
work here. For ditch measurements we have adopted rating stations equipped with the 
Type E'Beeorder. As no weir or submerged orifice is used, the total cost of the installa- 
tion is the least of any available method, and in many cases the additional labor in 
working up the records is offset by the value of having a complete graphical record of 
the flow, which cannot be obtained with such a device as the Great Western Meter. We 
have found the Type E-Kecorder very satisfactory in operation. The cost is a little over 
$60 per instrument. ; 

Another type of meter that is being tested at Waipio is the ^‘Bcliancc. ” This make 
differs from the usual run of meters in that all of the water measured passes through the 
instrument. 

Mr. Cox has done some work in correlating yields of different varieties with 
amounts of water used oil the same. Plotted curves show that H 109 yields 
highest, D 1135 next and Yellow Caledonia third from a given quantity of 
water under McBryde crop conditions. 

At Waimanalo Sugar Company, a very interesting series of tests are being 
carried out correlating water measurements and cane growth. This work is not 
an end in itself, as it was desired to obtain information as to the ''maximum 
amount of irrigation water which the plantation could use and produce an 
adequate return in the production of additional sugar/* 

A report of the earlier stages of this work is to be seen in the Record for 
April, 1924. Since this report additional work has been done, and it is hoped 
that we might hear of this at this time from Mr. Stewart. 

Pumping Plants 

Small pumping plants are in use on several plantations, either for supply 
or drainage purposes. Fairbanks, Morse Semi-Diesel engines are found to be 
suitable power units for these plants. There are some eighty of these engines 
in operation in the Islands and Mr. F. E. Richardson, local agent, offers the 
following information on certain installations : 

The Fairbanks, Morse Engines are two-cycle solid injection of the Semi-Diesel Type 
and are guaranteed to develoj) their full rating on 46 pounds of oil per horse power hour 
at full load. 

Kekaha Sugar Company, Ltd., has two 75 h.p. Fairbanks, Morse Serni-Diesel Engines, 
each driving an 18-ineh Type 800 Splitcase Fairbanks, Morse Pump delivering 10 million 
gallons of water per 24 hours against a total head of 26 feet. Each engine is operating 
on 5 gallons 24 gravity fuel oil per hour, total 120 gallons per 24 hours at 5 cents per 
gallon or g total cost of fuel of $6 per 24 hours. Lubricating oil at $1.50 per day makes 
a total of $7.50 for 10 million gallons, making the cost of water pumped about 75 cents 
per million gallons excluding labor. 

These two plants when operated together pumj) 20 millTOfr gallons with one day and 
one night engineers. 

We recently installed at Kekaha a 150 h.p. Fairbanks, Morse operating a 12-inch 
ceMtrifugal «pximp having a capacity of 6 million against a total head of 98 feet. 
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This engine consumes 10 gallons fuel oil per hour and $3 worth of lubricating 
oil per 24 hours, making the cost of operating for 24 hours $15 per day or at the rate of 
$2.50 per million gallons. 

Kekaha Sugar Company has two 75 h.p. Fairbanks, Morse Type engines in 

their Mana section, driving two 18" Fairbanks, Morse Splitcase Figure 800 Centrifugal 
pumps. E’ach pump delivers 10 million gallons of water, making 20 million against a 
head of 26 feet. 

Waianae Company has eight Fairbanks, Morse engines in operation ranging from 
75 to 10 h.p. 

In regard to the engines at Waianae Company, Manager Brecht states : 

A 4-inch pump run by a 15 h.p. Fairbanks, Morse 8emi-Diesel engine, pumps about 
half a million gallons of water 60 feet high. 

Consumption of fuel oil is, roughly speaking, 2/3 of a gallon per hour for a 15 h.p. 
engine, the price of fuel is 5 cents per gallon. 

This amounts to a cost of $1.60 per million gallons. 

Drainage 

A 58-acre field at Ewa Plantation Company is laid out with some 12,000 
feet of tiled drainage. That interesting results are being obtained here is to be 
seen in the following paragraphs from Mr. W. P. Alexander: 

The tile drainage system at Ewa has been in operation for fifteen months. During 
this time a complete control lias been had of the amount of water applied to the canc, 
and the amount of and analysis of the drainage water discharged by the tile. Until the 
crop has been brought to maturity, it is possible to answer any (juestion in a very pre- 
liminary manner only. 

(a) Harvesting data will show whether the drainage of sugar cane land by means 
of tile is profitable. The ^Sneid test” will be a comparison of the sugar yield obtained 
with the tile with former yields. 

(b) There is good evidence that salt which has accumulated in the soil over a 
period of many years, is being reduced. Fifteen mouths ago the drainage water con- 
tained 80 grains salt per gallon and at the present writing it analyzes 50 to 55 grains. 
At the time of heavy rains the salt content of the leachings has gone as high as 100 
grjiins. Calculations of the salt content with the amount of water leaving the field in 
the tile shows that to .Tune 30, 1024, 71 tons of salt had been removed from 58.3 acres. 

(c) With cooperation of the Experiment Station, the leachings have been analyzed 
for the three main plant foods, which arc applied as fertilizers. The purpose of the 
investigation was to determine how permanently fixed in the soil of this type are nitrogen, 
phos|>horic acid and i)otaNli. Here was an opportunity to accomplish on a field scale with 
sugar cane what has j)reviously only been tried out in a laboratory with lysiiuetcrs. 
The results have a very ])ractical application in regard to fertilizer practices. 

Phosphoric acid was sometimes found in ” traces, ” but usually not at all. 

Nitrogen in the nitrate form was present in minute quantities. The amount of 
nitrate nitrogen leached out through the tile in 12 months came to 10.87 pounds per acre 
or less than 5 per cent of the total nitrogen applied as fertilizer. 

Potash seemed the least fixed in the soil. The drainage water always contained 
some KoO in very small amounts. When calculated on an acre basis, however, the leach - 
ings of potash were not large, representing about 10 per cent of the total potash applied 
to the field as a fertilizer. 

Discussion Topics 

Have we any further data as to what the optimum length of and space be- 
tween furrows should be? 
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What angles should the furrow make with the watercourse, right, acute, or 
obtuse? 

When should dirt be pulled out of the line, after closing first water or second 
water? 

Is the practice of cutting lines (^'moku'" system) very general? What are 
the reasons for using this system? When it is practiced, at wh'at stage of the 
cane's growth should the cut be made in the line? 

Any further data on optimum number of lines between level ditches? 

Should lines be laid out level or with some grade? If the latter, how much? 

To what extent is every-other-line irrigation carried on when short of water? 
Where practiced, is it confined only to hilled-up ratoons, or to all canes ? Where 
practiced, what is the type, of soil, i.e., is it loose and porous or finely divided 
and easily packed? 

Do you save water by irrigating every other row or not (is it not possible 
that more water is put into the row with this method) ? 

If, say with 5-foot lines, there are arguments in favor of spacing seed, would 
it not be just as eflfective to plant close in the lines and to space the lines further 
apart? With a less number of lines, there would be a saving of water, etc. 

Is it preferable to put in, watercourses with the bottom level with the bottom 
of the line, or with the watercourse bottom above that of the line and with the 
'sides built up? . 

Where should the trash pani be placed in the watercourse with respect to the 
furrow ? 

Where should tke cut in the watercourse be made for first water? Where 
for second and subsequent waters? 

The usual method of irrigation, where the single line method is used, is down 
the watercourse one round and up in the next round. At Hawaiian Commercial 
& Sugar Company, the watercourse is worked in both directions in each round. 
Is this practice carried on elsewfiefe? 

What grade should level dishes have? 

Is it more economical to nlake long levels and few straight ditches or the 
reverse ? 

Is it better to use reservoir water as the canes need it or to hold it back for 
expected dry months with seepage losses? 

What varieties really are the most drought resistant? Does H 109 take more 
water or does it curl its leaves merely as a protective measure? 

In a shortage of water would you use what is available on the 1925 or the 
1926 crop ? 

In the dry season how many million gallons per day can be counted on by 
units of acres on the various plantations? 

Are the benefits of (1) poepoe, and (2) hilling-up direct in that they actually 
boost the cane along or are they indirect in that they help to make irrigation, 
etc., more efficient ? 

Considering unsoaked seed, what should be the interval of time between first 
and second water? Second and third? Third and fourth? Fourth and fifth? 

Does soaking seed ^ave an irrigation and if so what is the efifect on the length 
of time between irrigations? What is the optimum length of time to soak seed? 
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After which irrigation should contracts be started? 

Is it good practice to irrigate more than one watercourse per man, starting 
with the second water? 

If irrigating ratoons or big cane by men other than the cultivation contractors, 
what is the best basis of pay in order to get a good job done by the acre, number 
of lines or day work? 

What is the primary basis of the distribution of the water supply over a 
plantation? This first distribution of the total water is a vital matter on an 
irrigated plantation, and whatever the basis is, how certain are we of the cor- 
rectness of our present practices? Should not more effort be directed toward 
obtaining results which will enable this first distribution to be based on definite 
facts rather than on opinion and guess work? 


Plantation Electrical Equipment* 


By E. Butler Smith 

This subject, as outlined by the Chairman of the Engineering Section of this 
Association, is rather broad and could be made to cover practically all phases 
of electrical work found on a plantation. The use of electricity is becoming 
so general on Hawaiian sugar plantations that it does not seem necessary to 
make any plea for its use. The only jol) that has been left exclusively to the steam 
engine is the crusher and mill drive. Successful motor drives on the mills and 
crushers have been installed in other countries and may be eventually tried here. 
1 shall, therefore, include the choice of a mill drive in this paper. 

Ei.ectrical Equipment for Cane Sugar Factories 

The first item that must be considered in any new electrical installation is 
the type of motor to be used. Assuming that we are not limited by an existing 
generating plant, the first choice is alternating current, three phase, 60 cycles, 
440 volts. Direct current motors would have certain advantages in many cases 
but the expense of maintenance of D. C. machines and the difficulties in trans- 
mission of direct current power in large quantities far outweigh these advan- 
tages. The three-phase circuit is the simplest to wire and has the greatest possi- 
bilities as far as transmission is concerned. Sixty cycles is the most popular 
frequency for general use in the United States, which means that 60 cycles 
apparatus is most readily obtained. We select 440 volts as the highest standard 
voltage with which we can use standard low voltage wire and knife switches and 
fuses. The question of switches and fuses will be considered later on. 

There are two types of motors to select from : induction motors and syn- 
chronous motors. The induction motors are either squirrel cage or wound 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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rotor. The squirrel cage motor is the cheapest and simplest, is least affected 
by dust and dirt and requires the least attention but has the disadvantage of 
poor starting characteristics and inconstant speed. This is the type that should 
be used wherever possible. The wound rotor motor costs more, requires a more 
complicated control, having slip rings and brushes, is troubled by dust and dirt 
and requires more attention. It has the best starting characteristics and can be 
used for variable speed drives. Both of the above types of motors have the dis- 
advantage of having a power factor of less than unity which falls off rapidly 
when the motor is underloaded. 

The synchronous motor requires the most complicated control, more main- 
tenance and care in operation but has the advantage that the power factor is 
controllable and m^ay be so designed and operated as to a leading instead of a 
lagging current. A synchronous motor operating with induction motors can be 
made to take a leading current and thus correct for lagging current taken by the 
induction motors. This will allow the generating station to operate under more 
favorable power factor conditions than would otherwise be possible. A syn- 
chronous motor to be of much use for power factor correction should have a 
constant load. If the load varies field adjustment becomes necessary and adds 
to the expense of operation by requiring constant attention. There are two places 
in a mill where a synchronous motor may be installed to advantage: on the 
circulating pump and on the vacuum pump. 

Personally, I would not advise the installation of a synchronous motor unless 
it can be shown that a considerable saving will result in the generating plant or 
transmission system. Where power is purchased from central station companies 
a considerable reduction in rates can often be obtained by the installation of 
synchronous motors, but where the generating station is located in the mill, as 
is usually the case in these Islands, I do not think that a synchronous motor is 
justified. 

This leaves for general application only the two types of induction motor. 
Since the squirrel cage motor is the cheapest, simplest and most free from 
trouble it should be used wherever possible. Wherever constant speed and low 
starting torque are required the squirrel cage motor will prove most satis- 
factory up to one hundred horse power. For sizes in excess of this, I believe 
that wound rotor motors should be used because of the lower starting current. 
For centrifugal pump drives I think the limit should be set at fifty horse power. 

For driving a Searby shredder the wound rotor motor is best suited. Here 
we require a large starting torque. The load fluctuates considerably depending 
of course on the evenness of the feed. Since the shredder is provided with a 
flywheel and has considerable flywheel effect in itself the motor chosen should 
l)e of such size as to handle the average load with a fair margin of safety. The 
puniary switch for this motor should be an oil switch with overload relays having 
an inverse trine setting. The secondary control should be of the enclosed drum 
type as this- type is more easily protected from dirt and dust. 

For a motor drive for the crusher and rolls the wound rotor motor is selected 
because we require high starting torque and variable speed. The full required 
speed variation can be obtained by secondary resistance control. There are, 



255 


however, certain disadvantages found in this method. At reduced speeds the 
motor efficiency drops off rapidly due to the large amount of resistance used in 
the secondary. The resistance grids or water rheostats must be very large in 
order to dissipate the large amount of heat generated at reduced speeds. Fur- 
thermore, with a high resistance in the secondary, the motor speed is unstable. 
This method has the advantage that it is the simplest and easiest to install and 
operate. 

If the resistance speed control method is not satisfactory the variable fre- 
quency method can be used. In this method a separate generator and prime mover 
is used to supply power for the mill drive. The governor on the prime mover is 
designed for sufficient speed variation to take care of the speed variation re- 
quired in the operation of the mill. The desired speed variation between mills and 
starting is taken care of by resistance control. By this method the resistors can 
be made much smaller and there is less loss of efficiency due to heat generated in 
the resistors. The prime mover governor would lie motor regulated and the 
control switch placed on the mill operating platform. As soon as the relative 
speed between mills is adjusted the .speed of the whole train can be raised or 
lowered by operating the governor motor switch. 

For mill motor secondary control the liquid rheostat will prove most satis- 
factory. In the first place the control can be made as close as desired as there 
may be any number of steps. Furthermore, there are no contacts to become 
loose, heat u]), and otherwise give trouble, and there are no hot grids to get 
covered with dust and catch fire. 

For puniary control of the mill drive motors, oil switches should be provided 
with a slow time setting, or better yet, a thermal relay. Oil switch and rheostat 
control should be so interlocked that it is impossible to close the oil switch until 
the rheostat control is brought to the starting position. 

For the cane carrier drive a wound rotor motor with extra large resistors 
for variable speed service will be required. A drum type controller should be 
u.sed which should contain the puniary switch as well as the secondary rheostat 
switches. With this type of control the operator has only one lever. to handle 
and the starting and stopping of the motor is made easy and convenient. 

The remainder of the drives in the sugar factory can ordinarily be handled 
very nicely with squirrel cage motors. Motors of 5 h.p. or smaller can be thrown 
straight across the line and require only a safety starting switch for their con- 
trol. Motors larger than 5 h.p. should be provided with starting boxes of the 
auto-transformer type, and should be protected by relays. 

One of the most important things to l)e considered in the electrical equipment 
of a sugar factory is the electrical distribution system and the protective devices. 

All wiring should be run in conduit, and the conduit should be laid out so 
that it does not come too close to steam pipes. Four hundred and forty volts 
were chosen for the motors so that standard 600- volt rubber-insulated wire and 
switches could be used. Unless the conduit can l>e encased in concrete for the 
full length of the run, metal conduit should be used. Conduit fittings, rather 
than pipe fittings, should be used throughout. With the wires enclosed in 
conduit, there is no danger of workmen receiving accidental shocks through con- 
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tact with a wire. The wire is not pulled down and broken or otherwise dis- 
turbed by scaffolding and tackles during the overhauling period. The wiring 
is protected from oil and dirt and the appearance of the job is neat. 

Separate conduits and circuits should be run from the main switchboard 
direct to distribution cabinets in the mill. Each cabinet should serve a group 
of motors and in order to make the wiring as short as possible, should be located 
approximately in the center of the group. This distribution cabinet may be an 
elaborate slate panel with a fused knife switch for each motor, or it may consist 
of an asbestos-covered two-inch board backing with externally operated iron- 
clad fused safety switch mounted on it. The fused switches in the cabinet 
should be of sufficient size to carry the full starting current of the motor served. 
The fuses in the distribution cabinet are for protecting the feeder from defective 
wiring between the motor and cabinet and the motor during starting. For pro- 
tection of the motor against overload while running, I prefer relays mounted 
with the starting device. Fuses, unless carefully applied, are an unending source 
of trouble. The renewable fuse, which has come into wide use during the last 
few years, can be as reliable as the non-renewable type, but can give all sorts 
of trouble if the renewals are not put in properly. I^ase fitting connections in 
the fuse itself, in the fuse clips or in the switch will cause heating which is carried 
to the link causing the fuse to blow with currents far below the capacity of the 
link. Overloading of switches also causes heating which may be conducted 
through short connections to the fuses with the same result. Another disadvan- 
tage of the fuse is that it does not have an adjustable time characteristic. In 
many cases of a load with high momentary peaks, it is hard to apply a fuse so 
that the motor can carry the peaks and at tlie same time be fully protected from 
overload, but, a relay can be adjusted to allow overloads of short duration and 
at the same time protect the motor against overloads of too long duration. 
Furthermore, when a fuse does blow, the right size replacement is not always 
used, so that although the first application of fuses was correct, the fusing may 
be later changed leaving the motor unprotected. For these reasons, I think 
relays are more satisfactory. 

Starting devices of the auto-transformer type should be provided with a low 
voltage release and be so built that they cannot be left in the starting position. 
Starters for wound rotor motors should have low voltage release trips on the 
primary switch and the primary and secondary controls should be interlocked so 
that the switch be closed only when the controller is in the starting position. 

I believe it pays to follow the code of the Fire Insurance Underwriters and 
Factory Mutuals all the way through the factory both for power and lighting 
circuits. The lighting system of the sugar factory or any other building should 
be as carefully designed as any other part of the equipment. With the modern 
gas filled lamps and industrial reflectors, all ordinary and special lighting require- 
ments can be economically met. Poor lighting has always been a major cause 
of accidents both to men and machinery in industry. It pays, therefore, to use 
plenty of light. There are now so many portable electric tools that can be 
operated from the lighting circuit that it is advisable to place receptacles all over 
the factory for both portable lamps and tools. 
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Electrical Equipment of Pump Installations 

With the increasing popularity of the centrifugal pump electrical motors are 
becoming more popular in pumping stations. Wound rotor induction motors 
are the best suited for pump drives. The centrifugal pumps, for best efficiency 
must be operated at constant speed, and both the induction motor and the syn- 
chronous motor fulfill this condition. The induction motor is easier to start 
and operate than the synchronous motor and is therefore in most cases prefer- 
able. Owing to the large size of motor used, squirrel cage motors are not suit- 
able because of the large starting current taken. In most cases 2300 volts is 
the'best motor voltage to use. Since the pumping plant is usually at some dis- 
tance from the generating plant with a transmission line intervening it is neces- 
sary tO' use transformers. When transformers are used, the selection of the motor 
voltage is governed entirely by the cost of the motor and control equipment and 
the efficiency of the former. Under these conditions, 2300 volts are usually 
the best. 

The control equipment of a wound rotor pump motor should consist of a 
panel with voltmeter, ammeter, integrating watt-hour meter and overload relays. 
The oil switch should be provided with low voltage release and trip coils and 
should be interlocked with the secondary control. For secondary control, either 
the drum type or the contactor type of controller can be used. If the dnim type 
controller is used, an auxiliary contactor or switch should be provided to short 
circuit the controller after the motor is brought up to speed. 

In cases where power is purchased there is often a penalty for poor power 
factor. In this case, the use of a synchronous motor may be advisable. An 
irrigation pumping plant is much more desirable for synchronous motor appli- 
cation than any place in the mill. An irrigation pump is a very steady load and 
the pumping plants arc usually free from dust which causes trouble in machin- 
ery having moving contacts. 

The control for a synchronous motor should be as simple as possible and yet 
be complete. The details will depend upon method of starting and control em- 
ployed by the manufacturer furnishing the motor. Personally, 1 favor manual 
rather than automatic control, although I see no reason why the latter should not 
be very satisfactory. 

For driving sump pumps, priming pumps and other small auxiliaries, a 
single phase motor operating on the lighting voltage will prove satisfactory. 
For sump pumps, a float switch automatic control works very nicely. The other 
motors usually will not exceed 5 h.p. and may be controlled by iron-clad 
safety starting switches. 

For the power wiring for the pump motor, I prefer rubber-insulated wire 
carried on line insulators on racks on the wall and in tunnels to conduit and 
cable installations. If insulators are used, one need not worry about the deto- 
nation of the cable insulation due to heat and moisture. 

Electrical Equipment of Generating Plants 

The type of electrical equipment for generating depends upon the type of 
prime mover used. There are for our purposes, three types of prime mover: 
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turbines, engines and waterwheels, each of which requires a special design of 
generator although, the electrical design of the last two are about the same. 
In this paper I will discuss only the alternating current generator as direct current 
is used but very little on plantations. 

Since generator design has been so well developed and standardized, for the 
different purposes by the builders, there is little to be said about choice of design. 
When you select the prime mover the generator design is automatically chosen. 
The main thing to consider is that the machine selected is of good substantial 
design properly insulated and well ventilated. The turbo alternator is always 
an enclosed machine with forced ventilation. For turbines it is important that 
the ventilating system be so designed that all passages and ducts can be readily 
cleaned. All turbo generators should be equipped with temperature exploring 
coils connected to a temperature indicator so that the temperatures in the wind- 
ings can be determined. This is of great value when it is necessary to carry an 
overload. The engine and waterwheel type generators are open type niachines 
and access can bq had to the windings at all times so that temperatures can be 
observed with an ordinary thermometer. 

After the generator the. next thing to be considered is the exciter. For turbo 
generators, I do not favor the direct connected exciter because it is very hard 
to build commutators and armatures to stand the excessive speed. I think that 
any plant that is required to operate continuously should have two exciters. My 
first choice of an exciter is indirection motor driven. This is simplest and most 
efficient. The second choice is turbine driven. The turbine requires much more 
attention than an indirection motor and is less efficient, but in the case of central 
station plant the loss of efficiency may not matter, aS the exhaust from the exciter 
turbine may help maintain the heat balance. 

Where a station is not connected to other stations a motor driven exciter 
cannot be used unless a second steam driven exciter is used for starting up. 
Even where there afe other stations, a steam driven exciter is handy in case of 
transmission line failure. For these reasons, I favor one motor driven and one 
steam driven exciter in a turbine driven generating plant. Where there are 
more than one generator in the plant, the motor driven exciter should have suffi- 
cient capacity for all the generators that will be operated at one time. This 
elminates all difficulties from the parallel operation of exciters especially with 
the regulator. 

For the engine-driven or waterwheel plant, belt-driven exciters are satisfactory ; 
or in case the speed of the main unit is high, enough, a direct connected exciter 
may be used. In large waterwheel plants, an exciter driven by an independent 
waterwheel may be used, but this would not prove economical in most of the 
plants found in the Islands. If a spare exciter is required in the engine or water- 
wheel driven plants a motor driven exciter will prove most satisfactory. 

The control equipment of a motor-driven exciter should not be equipped with 
overload or low voltage protection. In cases of short circuit or other trouble 
on the outside lines or feeders, it is often found that an overload relay or low 
voltage trip on the exciter nk)tor control will operate -before the oil switch can 
operate to protect the station from the section on which trouble occurred. When 
this occurs, the entire load Is lost. 
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Aside from the generator the most important piece of equipment in the 
slatipn is the switchboard. The switchboard layout varies, depending on the 
location of the station and the arrangement of lines that it feeds, so cannot well 
be treated in a general way. 

There is one feature that can be spoken of generally and that is, the back of 
the switchboard should be accessible. Probably the best arrangement is to locate 
the oil switches and bus bars immediately below the floor upon which the 
switchboard stands. The generator field rheostats should be mounted above or 
below the switchboard level. This leaves the back of the board clear and acces- 
sible for inspection and work, and there are no dangerous potentials near the 
board. If it is not practicable to mount the switches below the board, the bus 
bars aiid switches should be mounted far enough back of the board so that 
there is at least six feet between the bus and switch structure and the back of 
the board. All instrument and control wiring should be run from the bus struc- 
ture to the switchboard in conduit. 

Transmission Systems and Methods of Distribution 

The vSelection of transmission system equipment is largely a question of the 
purposes to be served. Transmission line design is too large a (jiiestion to be 
treated here. To my mind the mechanical design of a transmission is just as 
important as the choice of electrical equipment. ITansmission line equipment 
consists of four parts from the electrical viewpoint, the line itself consisting 
of the conductors insulated from tlie ground, transforming equipment, control 
equipment and protective equipment. The type, quantity and size of this equip- 
ment depends entirely upon the design of the line. Beyond stating that I think 
that the transmission line is just as imjiortant and worthy of careful study as 
any other portion of the electrical system, I will make no attempt at covering 
the subject, but leave it for some other report. 

The electrical distribution system, except for that in the sugar factory which 
T have considered above, is always a special jiroblem and cannot be treated 
liriefly in a report of this scope. There are many other phases of the subject of 
choosing electrical equiimient that cannot be gone into but it is hoped that the 
above covers to some extent the most general features of the subject. 


Report on Soils and Fertilizers* 


By Guy R. Stewart 

The major portion of the work upon the problems of sugar cane soils and 
fertilization, carried on in Hawaii during the past year, has been done at the 
Experiment Station, H. S. P. A. The chemical staff of Ewa Plantation, how- 

* Presented at Third Annual Meeting of Assoeiation of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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ever, has made a considerable beginning iipon a study of the composition of the 
soils of their fields. This work is intended to supplement the analyses previously 
made for this plantation by the Experiment Station. The determinations made 
by the Ewa chemists have so far covered the amounts of strong acid soluble or 
reserve plant food in a large group of samples. During the present season these 
figures will be supplemented by the determination of the citrate soluble or avail- 
able constituents in these same soils. As Ewa Plantation has an extensive group 
of field experiments which are to be carried on indefinitely, it is an excellent 
plan to obtain all possible information as to the composition of the experimental 
fields. 

The work carried on at the Experiment Station, H. S. P. A., has been divided 
again, between work on the soils of the individual plantations, and extended 
studies of the general problem of the maintenance of fertility in the Island fields. 
We are steadily gaining information as to the deductions which can be drawn 
from analyses of plantation soils, by the relationship of our determinations to 
the yields obtained from field trials. Our major line of investigation of the 
more general problems of soil fertility, has been the study of the soil conditions 
underlying the occurrence of root rot or Lahaina disease. This question is still 
,far from being completely solved, but we are obtaining a greater insight into 
the causes of this trouble than we have ever had before. 

Work Upon Plantation Soils 

Oahu Sugar Company: A survey of the content of available phosphates in 
part of the fields of this plantation was made in 1919. The samples were col- 
lected largely from the upper fields. A considerable deficiency of available phos- 
l / phates was found in much of this mauka land. The results of these analyses 
jl were in agreement with the plot experiments carried out in Field 45, where a 
I notable response was obtained from phosphate fertilization. 

Further interest, in the composition of the Oahu soils, was aroused during 
the past year by the behavior of H 109 cane in Field 20. A number of poor 
spots appeared in portions of this field where the cane seemed to be affected by 
root rot. Soil samples were collected from these poor spots and from adjoining 
land where good cane was growing. The majority of the samples from both 
I the good and poor areas were low in available phosphates and contained a mini- 
/ mum quantity of available potash. The total potash supply was excellent, but 
the total phosphates were distinctly low for Island soils, 

A definite connection has been shown recently in the Eastern United States, 
between deficiencies of available phophates and potash and the occurrence of 
root rot in corn crops. This trouble has been found, usually, on very acid soils 
where toxic salts of soluble aluminum and iron are present. Such soils are found 
in these Islands in the mauka lands of the unirrigated plantations. At the same 
time there is considerable indication that plant food deficiencies may contribute 
to root troubles in soils that are not notably acid. It sfiemed desirable, therefore, 
to make a more general survey of the Oahu Sugar Company ^ahds. 

,, The results of thfe that most of the areas whiGh w^re low in 

aViailable plant food were located in the mauka fields, but that Field 20 was 
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largely low in phosphate content. Further field experiments with phosphate?? 
and potash were recommended. It was concluded that the appearance of root 
rot in Field 20 was due to a deficiency of plant food and a poor water-holding 
capacity in the soil of limited areas. The affected cane was given additional 
fertilization and extra irrigation and has now recovered completely. 

Wmahia Agricultural Company: A group of samples were analyzed from 
the various sections of this plantation. A wide range of variation is found in 
the physical texture and characteristics of the soils found in the Waialua fields. 
In general, the soils of the lower land were well supplied with both potash and 
phosphates, while certain of the upper areas were notably low in phosphates. 
Field experiments were suggested for various sections to develop more exact 
information as to fertilizer requirements. 

Hazvaiian Sugar Company: There are a number of ridges and valleys sepa- 
rating the fields, but the soils found in the different sections are rather similar 
in physical texture. In general, they are reddish, silty, clay loams of good depth, 
underlain by more compact subsoils at about three feet down. 

The analyses of samples from typical areas, appeared to justify the following 
deductions: A considerable degree of variability was found to exist in the 
samples from the same fields and from adjoining areas of similar physical ap- 
pearance. Approximately one third of the samples were found to be low in 
available phosphates, and almost one half were slightly low in available potash. 
These results would indicate the desirability of continuing the present applica- 
tions of phosphoric acid to all the fields. The number of samples containing a 
minimum quantity of potash would make it desirable to either install potash tests 
or to add potash to the mixed fertilizers as crop insurance. 

Niulii Mill and Plantation : A collection of representative samples 

from Niulii Plantation were analyzed during the past year. The results showed 
that about a quarter of the samples were low in available phosphates and about 
three fourths of the samples were low in available potash. This indicated that 
most of the plantation cane land was probably giving little return from phosphate 
applications, but on account of the low areas it was wise to continue moderate 
phosphate applications. The potash figures indicated a fairly general need of 
moderate potash applications. These conclusions agree with the results obtained 
from the field experiments conducted by the Agricultural department. 

Hutchinson Sugar Plantation Company: The fields of this plantation were 
sampled in- December, 1923. At this time there was about 3,600 acres in cane. 
The Manager, Mr. William Campsie, hoped to increase this area to 4,000 or 
4,400 acres. In considering this possible expansion, he was anxious to obtain 
information as to soil and subsoil differences in the various portions of the 
plantation. The lower fields above Naalehu, and those near Honuapo and 
Hilea, have been giving excellent yields. Another group of fields in the central 
section above Naalehu had good crops started upon them, but had been rather 
uncertain in past production. The very highest fields above Naalehu had been 
largely out of cultivation for some time. 

In general, all the lower fields were found to be well supplied with available 
plant food. Certain of the central and upper fields above Naalehu were found 
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to be rather weak in available plant food, but these soils were free from toxic 
acidity in both the surface and subsoil. Experimental applications of reverted 
phosphate were recomniended for this upper land and deep plowing, on a small 
scale, was also suggested. 

Investigations of the General Properties of Hawaiian Soils 
Root Rot Investigations 

During the past year our principal investigational problem has been a study 
of the factors underlying the occurrence of root rot or Lahaina disease. During 
this time Mr. McGeorge has devoted his entire time to the problem and other 
members of the Chemistry department, have also worked upon the investigation. 
I think our work /has progressed to a point where I am justified in stating that 
there is every indication that a variety of causes underlay the occurrence of 
Lahaina disease. 

There now seems to be strong evidence that unfavorable soil conditions have 
been among the determining factors in causing^ cane to fail through the roots 
rotting off. In some instances high acidity and consequent toxic quantities of 
aluminum and iron salts appear to have been among the causative factors. In 
Still other cases seasonal accumulations of salts from irrigating watet or an 
unfavorable alkalinity of the soil, would account for the trouble. It still remains 
to be shown what the relation of root failure or root rot is to the attacks of 
soil fungi or soil bacteria ; and whether the root injuries caused by snails, centi- 
pedes or similar soil inhabitants are a determining factor in such troubles. 

The first work undertaken by us was to try and find whether toxic concen- 
trations of aluminum and iron salts would explain the occurrence of root rot 
here in flawaii. This work was carried out both in solution and in soil cultures. 
Great difficulty was experienced in growing cane in soludon and sand cultures 
on account of fermentation and spoilage of the seed piece. Mr. McGeorge 
finally developed a method by which he obviated this difficulty through the use 
of the shoots which develop from seed cane. This work has been published 
in the Record for Jul 3 ^ 1924, so I shall not give further details of the technique. 
The general result of these investigations has been to .show that salts of aluminum 
are toxic to cane. These salts were only found in solution in the more acid 
soils, that is, those wdth a reaction below pH 5.8. Soils from the upper Ha- 
makua coast and windward Oahu were used in pot cultures and the toxic alumi- 
num was found to be the cause of root failure. This root failure was prevented, 
in the pot tests, by heavy applications of superphosphate or by partial neutral- 
ization of the soil with lime and the use of moderate amounts of superphosphate. 
Field tests have now been installed at Honokaa, Olaa and Grove Farm to try 
out these methods of treatment on acid soils under field conditions. 

Later work was under taken to try and find the cause of the failure of Lahaina 
upon the neutral soils of the irrigated plantations. One of the causes of such 
failure appears to be seasonal accumulations of salts Ironi the irrigating water. 
Thi| work has been discussed in detail in the Record for July, 1924. Another 
cj^u^ of root failure was found by work at Oahu Sugar Company to be a 
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deficiency of available plant food. In this instance it was available phosphates. 
Still anoiher instance of root failure was investigated in central Maui at the 
Hawaiian Commercial and Sugar Company. An unfavorable degree of alkalinity 
was found in the preliminary work, but further study is still to be carried out 
in this district. 

During the present summer Mr. McGeorge has visited the prominent in- 
vestigators of root rot problems in the Eastern United States and has become 
thoroughly conversant with the work which they have under way. He con- 
ferred with the investigators at Indiana, New Jersey, Rhode Island, Wisconsin 
and the U. S. Department of Agriculture at Washington, D. C. 

, Preliminary IVork on Pahala Blight 

During the past winter there was considerable Pahala blight in certain fields 
of the Hawaiian Agricultural Company. Mr. McGeorge visited Pahala in 
January of this year, took soil samples of typical blight and non-blighted fields 
and also collected samples of blighted and normal leaves. Besides collecting the 
above samples, he obtained some large lots of soil and later dis])laced the soil 
solutions and used these solutions for the growth of cane shoots. 

Analyses of the soils indicated that the blight soils had a more shallow sur- 
face vsoil with a marked decrease of available plant food in the subsoils. The 
analyses of the cane leaves showed that the blight-free leaves had a higher ash 
and silica content than those affected by blight. An increased absorption of 
silica is generally affected by a satisfactory content of available phosphates, so 
this also points to a lack of available plant food as one of the causes of the 
trouble. 

The growth of cane shoots in soil solutions from the blight and non-blight 
soils showed a notably belter growth in the solutions from the blight-free soils. 
The analyses of the solutions did not show a consistent difference which would 
account for this difference in growth. 

We have since made a fairly complete soil survey of the fields of Hawaiian 
Agricultural Company to find if there are consistent differences in the soils of all 
the blight and blight-free fields. Work is now under way upon these samples. 
This will be followed by further work on the composition of the cane when 
blight is present and a continuation of the cultural experiments. 
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Sugar Prices 

96° Centrifugals for the Period 
Dec. 17, 1924, to March 11, 192S 


Date 

Per Pound 

Per Ton 

Dec. 

17, 1924. 

.... 4.77^ 

$95.40 

t i 

22 

. . , 4.74 

94,80 

i ( 

23 

... 4.71 

94.20 

i i 

26 

...4.65 

93.00 

( ( 

27 

... 4.59 

91.80 

Jan. 

2, 1925. 

... 4.65 

93.00 

< ( 

6 

. . . 4.59 

91.80 

i i 

8 

. . . 4.55 

91.00. 

( t 

9 

... 4.535 

90.70 

i < 

10 

... 4.59 

91.80 

i i 

13 

... 4.535 

90.70 

i i 

14 

... 4.55 

91.00 

i ( 

16 

... 4.57 

‘ 91.40 

1 ( 

17 

4.59 

‘,91.80 

• 4 4 

19 

... 4.62 

92.40 

.4 4 

20 

... 4.65 

93.00 

4 4 

21 

. . . 4.62 

92.40 

4 4 

22 

. . . 4.59 

91.80 

4 4 

23 

... 4.535 

90,70 

4 4 

24 

... 4.52 

90.40 

4 4 

26 

... 4.59 

91.80 

4 4 

29 

... 4.65 

93.00 

4 4 

30 

... 4.635 

92.70 

4 4 

31 

... 4.635 

92.70 

Feb. 

2 

... 4.65 

93.00 

4 4 

4 

. . . 4.59 

91.80 

4 4 

9 

... 4.62 

92.40 

4 4 

11 

. . . 4.59 

91.80 

4 4 

17 

... 4.62 

92.40 

4 4 

18. . . . . . 

. . . 4.605 

92.10 

4 4 

19 

... 4.59 

91,80 

4 4 

25 

... 4.65 

93.00 

4 4 

26 

... 4.725 

94.50 


27 

. . . 4.755 

95.10 

4 4 

28 

... 4.74 

94.80 

Mar. 

3 

... 4.725 

/ 94.50 

4 4 

4 

... 4.71 

94.20 

4 4 

5 

... 4.74 

94.80 

4 4 

6 

... 4.755 

95.10 

4 4 

7 

... 4.84 

96.80 

4 4 

9 

. . . 4.825 

96.50 

4 4 

10 

... 4.79 

95.80 

4 4 

11...:.. 

... 4.77 

95,40 


Remarks 

Cubas. 

Cubas, 4.77, 4.71. 

Cubas, 4.77, 4.65; Philippines, 4.71. 
Cubas. 

Cubas. 

Cubas. 

Cubas. ‘ 

Porto Ricos. 

Cubas, 4.55, 4.52. 

Cubas. 

Cubas, 4.55; Porto Ricos, 4.52. 
Porto Ricos. 

Cubas, 4.55, 4.59. 

Cubas. 

Cubas, 4.62, 4.65; Porto Ricos, 4.59. 
Cubas. 

Cubas, 4.65; Porto Ricos, 4.59. 
Cubas. 

Cubas, 4.52, 4..5.5. 

Porto Ricos. 

Cubas. 

Cubas. 

Cubas, 4.65, 4.62. 

Cubas. 

Cubas, 

Cubas. 

Porto Ricos, 4..59; Cubas, 4.65. 
Cubas. 

Cubas. 

Cubas, 4,62; Porto Ricos, 4.59. 
Cubas. 

Cubas. 

Cubas, 4.71; Porto Ricos, 4.74. 
Cubas, 4.77, 4.74. 

Cubas. 

Cub;:s, 4.74, 4.71. 

Cubas, 

Cubas. 

Cubas, 4.74, 4.77. 

Cubas. 

Cubas, 4.84; Porto Ricos, 4.81. 
Cubas, 4.81, 4.77. 

Ciibas. 
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In a recent report of the Argentine Sug^ar Experiment 
D 1135 in the Station, by Dr. William C. Cross, Director, several statements 
Argentine are made which are of interest to ns here in Hawaii. 

Referring to D 1135 he has this to say i**' 

Tho oxjK'rimenta with this variety have l)C*en continued in five different plots. The 
last two years’ results have been in general (juite good, although it is juoven that this 
cane is not as good as the P. O. .). 36 and 213. Although in the beginning it showed 
considerable resistance to mosaic disease, in the last two years it has been more attacked 
by the })cst than the .lava canes. In conclusion we may say that this variety has not 
turned out to be as valuable as it promised to be at first and cannot be recommended in 
preference to the .lava varieties generally planted. 

The Java canes which he mentions, 1\ O. J. 36 and 213, have now been dis- 
tributed to all i)lantations here which desired to try them out, and we are in a 
splendid j)osition to spread them rapidly should they prove to be superior to 
D 1135 here. 

In connection with two other Java canes which we have here, now growing 
in quarantine, I’ .( ). J. 2714 and 2725, Dr. Cross has the following to say: 

P. O. J. 2714; This is another v.ariety which is considered immune (or almost immune) 
to the mosaic disease in .lava, where it is cultivated to a total extension of some 70,000 
acres. In that country it is a cane of excellent yields of cane and sugar per hectare^ 
having also a fairly high fiber content (average 12.5 i)er cent). Its stalks are thick and 
heavy, yelhnvish blown in color. Here we have had it under experimentation only a short 
time and on a small scale as yet, but it appears to promise well. One analysis of the 
plant cane made very early in the grinding season (May 17, 1923) gave the following 
results: Brix, 12.97 per cent; sucrose^ 9.03; purity, 69.62. We have no tonnage results as 
yet, but its appearance in the field is promising. 

F. O, J. 2725: This variety is also considered immune, or almost immune, to the 
mosaic disease in Java, where many of the factories cultivate it in a small way, the total 
extension in 1922 being over five thousand acres. It is a green cane of thick stalk, very 
vigorous in growth and of satisfactory sugar content. Of all these varieties which are 
immune, or almost immune, to the mosaic disease it is the one which up to now^ promises 
to give the best results in this country. We have three plots of this variety. One on a 
small scale, established in 1920 (plot C); another planted in 1921 (plot A), and the third 
in 1922 (plot B). 


♦From Facts About Sugar, Miy 23, 1925, p. 499. 
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In view of its good production of cane and sugar per acre, its great resistance to 
the mosaic disease, and its general properties of being a thick, heavy cane, easy to strip 
and cheap to transport to the mill, we consider that this Cane is one of the most promising 
of the new varieties which this institution possesses. We have already established with 
this cane a number of cooperative experiments in the lands belonging to the factories in 
various parts of the country, and up to now the opinion of everyone respecting this 
variety is quite favorable. 

[J. A. V.] 


Present Fertilizer Practices on the Sugar Plantations of 
the Hawaiian Islands^ 


By J. A. Verret 

First of all the committee desires to thank the plantations for their splendid 
cooperation in this work. Thirty-eight replies to the questionnaires sent out 
were received. All the plantations on Oahu and Maui replied, and all but two 
on Hawaii. Kauai made the poorest showing with no replies from three. 

Mixed Fertilizers 

From thC) replies received we find that 19 different formulas are used on 34 
plantations. Four of the plantations reporting do not use ready mixed fertilizers. 
Of these four, two use nitrogen only, another of them uses superphosphate in 
addition to nitrogen on the upper fields, while a fourth uses bonemeal and potash 
from molasses ash, in addition to nitrogen as field tests show their need on dif- 
ferent fields. 

The different formulas used, their approximate make-up, the pounds of filler 
and the number of plantations using them are listed below : 


No. Formula No. of 

Plantations 

Pounds per Ton Using 

488 lbs. Ammo. Sulph. 5 

857 lbs. Nit. Potash 
210 lbs. Superphos. 

273 lbs. Bone meal 

160 lbs. Sulph. or Muriate Potash 
12 lbs. filler 


a v /V ... I Sulph. or Muriate Potash 

2 . 

’ Ammo. Sulph. 537 lbs. Ammo, Sulph. 1 

12 % N.... 6 % Nit. Potash 857 lbs. Nit. Potash 

[ %% Organic 273 lbs. Bone meal 

160 lbs. SuTph. Potash 


* presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 


12 % N. . . . 

f 5% Ammo. Sulph, 

. . . 6 % Nit. Potash 
[ 1 % Organic 

5% P 2 O 5 .., 

( 2 % Superphos. 

‘ ■ 1 3% Bone meal 


( 6 % Nit. Potash 
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3% P2O5 Bone meal 

10% KgU.... jjjj Potash 


3. 

11% N 


J 10% Nit. Soda 
I 1% Organic 


3% P2^5 Bone meal 

9% K2O , Sulphate or Muriate? 

3A. Another same as above except no 
phosphoric acid. 


4. 

11% N 


f Ammo. Sulph. 

•j 6% Nit. Potash 
[ Mi7c Organic 


173 lbs. filler 


1,200 lbs. Nit. Soda 1 

273 lbs. Bone meal 
360 lbs. Sulph. or Muriate Potash 

77 lbs. filler 


439 lbs. Ammo. Sulph. 1 

857 lbs. Nit. Potash 
158 lbs. Supcrphos. 

136 lbs. Bone meal 


3%. P20n 
7%- K2O, 


f 1^1*% Superphos. 

I 1%% Bone meal 
Pot. Nit. and Sulph. 


r 6% Nit. Potash 

11% N ^ 4% Ammo. Sulph. 

[ 1% Organic 


40 lbs. Sulph. Potash 
370 lbs. filler 


857 lbs. Nit. Potash 6 

390 lbs. Ammo. Sulph. 

316 lbs. Superphos. 

273 lbs. Bone meal 


6% P2O.V . . 

( 3%. Superphos. 

' ‘ ’ j 3%fj Bone meal 

167 

lbs. 

filler 


6%, K2 O... 

Pot. Nitrate 






f 41/*2% Ammo. Sulph. 

4.39 

lbs. 

Ammo. Sulph. 

1 

11% N. . . . 

. . . ] 6% Nit. Potash 

857 

lbs. 

Nit. Potash 


[ y2%’ Organic 

316 

lbs. 

Sui)erpho8. 



273 lbs. Bone meal 


6% P2O5 

6% KoO. 


(3% Superphos. 
j 3% Bone meal 
Potash Nit. 


7. 

12% N 


f i)y 2 % Potash 

6% Ammo. Sulph. 
[ 1/2%) Organic 


115 lbs. filler 


786 lbs. Nit. Potash 1 

585 lbs. Ammo. Sulph. 

316 lbs. Sux>crpho8. 

273 lbs. Bone meal 


0 % 

5%. 


p n i Superphos. 

2 •"> I 3% Bone meal 

K2O Nit. Potash 


8 . 


11% N 


5% Nit. Soda 
5^2% Ammo. Sulph. 
V2% Organic 


40 lbs. filler 


645 lbs. Nit. Soda 3 

537 lbs. Ammo. Sulph. 

316 lbs. Super jihos. 

273 lbs. Bone meal 


6% P 2 O.V. 
5%, K2 O... 


f 3%o Superifiios. 

\ ^%, Bone meal 
Sulph. or Muriate 


r 4% Ammo. Sulph. 

9% N -j 4% Nit. Potash 

[ 1 % Organic 


200 lbs. Sulph. or Muriate Potash 
29 lbs. filler 


571 lbs. Nit. Potash 1 

390 lbs. Ammo. Suli)h. 

316 lbs. Sujierphos. 

273 lbs. Bone meal 
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6% ^2^5* • • 

5 37c Superphos. 

83 

* ' J 3% Bone meal 

367 

6% K 2 O... 

. . , Nitrate and Sulph. 



[ 5 % Nit. Soda 

645 

10%% N... 

. . J 5% Ammo. Sulph. 

488 


[ %% Organic 

83 


579 

6% PaO.,.. 

( Superphos. 

’ ' t %% Bone meal 

120 

46 

37c K 2 O... 

Sulphate 

39 


f 2%% Nit. Potash or Soda 

357 

9% N 

. . J 6% Ammo,. Sulph. 

585 


[%% Organic 

474 


409 

9% P 2 O 5 ! , . 

f 4^%% Superphos. 

140 

* ‘ J Bone meal 

35 

6% KoO... 

Nitrate or Sulph. 


9% N 

f 2%% Ammo. Sulph. 

. . j 6% Nit. Potash 

244 

857 

[ y 2 % Organ ic 

526 



273 

8 % P 2 O 5 ... 

1 5% Superphos. 

‘ ‘ / 37r Bone meal 

100 

6% K 2 O. . . 

Nit. Potash 



f 37c Nit. Soda 

387 

9% N 

. . -j 37c Ammo. Sulph. 

293 

[ 37c Organic 

333 


636 

7% P 2 O 5 . . , 

. . Bone meal 

280 


71 

7% K 2 O... 

. . Sulphate 


87c N 

f 5.337c Ammo. Sulph. 

522 

■ • ■ 1 2.677c Pot. Nit. 

379 


739 

7 % P 20 ,. . 

. . . Superphos. ? 

173 


146 

7 % K 20 ... 

Nit. and Sulph. 



f 27c Ammo. Sulph. 

395 

7 % N 

. . ,-j 27c Nit. Potash 

286 

[ 3% Organic 

417 


368 

7% P 2 O 5 .., 

( 3%% Superphos. 

160 

■ * * ) 3%% Bono meal 

318 


256 

67c K 2 O... 

( 27c Nit. Pot. 

■ * 1 4% Sulph. Pot. 



[3% 7c Nit. Soda 

419 

7% N 

. . \ 314 % Ammo. Sulph. 

317 


[%% Organic 

789 
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lbs. Sulph. Pot. 
lbs. filler 


lbs. Nit. Soda 1 

lbs. Ammo. Sulph. 
lbs. Dried blood 
lbs. Superphos. 

lbs. Sulph. of Potash 
lbs. Bone meal 
lbs. filler 


lbs. Nit. Potash 1 

ll>s. Ammo. Sulph. 
lbs. Superphos. 
lbs. Bone meal 

lbs. Sulph. Potash 
lbs. filler 


lbs. Ammo. Sulph. 1 

lbs. Nit. Potash 
lbs. Superphos. 
lbs. Bone meal 

lbs. filler 


lbs. Nit. Soda 1 

lbs. Ammo. Sulph. 

lbs. Dried blood 

lbs. Bone meal 

lbs. Sulphate Potash 

lbs. filler 


lbs. Ammo. Sulph. 1 

lbs. Pot. Nit. 
lbs. Superphos. 

lbs. Sulph. Potash 
lbs. filler 


lbs. Ammo. Sulph. I 

lbs. Pot. Nit. 
lbs. Dried blood (?) 
lbs. Superphos. 

lbs. Sulph. or Muriate" Potash 
lbs. Bone meal 
lbs. filler 


lbs. NiT. Soda 1 

lbs. Ammo. Sulph. 
lbs. Superphos. 
lbs. Bone meal 
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10% P 2 O.V 

4% KsO.. 


(7^% Superphos. 

I 2^% Bone meal 
Muriate or Bulph. 


r5%% Nit. Soda 
1114% N.... \ 5% Ammo. Siil])h. 

[ 14% Organic 


6 %% 


p n ( 3%% Superphos. 

Bone meal 


8% N... 

7% P20r, 


( 2%% Nit. Soda 
I ^Vs% Ammo. Sulph. 

( 6% Water Soluble 
[ 1% Bone meal 


19. 


8%, N 


( 4% Nitrate 
[ 4% Sulphate 


10% P 2 O.V 


f 8% Water soluble 
\ 2% Bone meal 


160 lbs. Sulph. or Muriate Potash 
88 lbs. filler 


742 lbs. Nit. Soda 1 

488 lbs. Ammo. Sulph. 

395 lbs, Superphos. 

273 lbs. Bone meal 

102 lbs. filler 


342 lbs. Nit. Soda 1 

522 lbs. Ammo. Sulph. 

632 lbs. Superphos. 

91 lbs. Bone meal 
413 lbs. filler 


516 lbs. Nit. Soda 4 

390 lbs. Ammo. Sulph. 

842 lbs. Superphos. 

182 lbs. Bone meal 
7Q. lbs. filler 


Formulas 1 to 4 inclusive are used in districts where tests have shown a 
potash shortage but practically no response to phosphoric acid. 

We believe that these formulas serve the purpose very well. Nos. 1, 2 and 3 
are very concentrated, carrying little filler. No. 4 is not quite so good, carrying 
as it does 370 pounds of filler or inert matter. For every ton of it used, freight 
must be paid on 370 pounds of useless material, as well as packing it up steep 
trails. We believe a saving on freight and handling could be made by adding 
1 per cent to each ingredient, making the formula 12-4-8 and using, say, 10 to 15 
per cent less of it. 

Nos. 5, 6, 7, 8 and 13 are all very good for conditions where a general fer- 
tilizer is wanted, that is, where the need for neither phosphoric acid or potash 
predominates. We prefer 5, 6, 7 or 8 to 13. The 3 per cent organic nitrogen 
in 13 makes it more expensive, while our tests show organic nitrogen to be less 
efficient than the soluble forms. 

No. 9 has entirely too much filler, 367 pounds. Either 5, 6, 7 or 8 could be 
substituted to advantage, the amounts applied being cut down to correspond to 
the increased nitrogen. 

No. 10 is good where the soil shows some need for phosphoric acid while 
the potash requirements are not especially manifest. 

Nos. 11 and 12 are good formulas. They are used on places where phosphoric 
acid especially, in addition to nitrogen, is wanted. 

No. 14 has 146 pounds of filler; this is too much. The nitrogen could be 
increased with a corresponding decrease in the amount of fertilizer used. 

No. 15. We believe better results could be obtained if this formula were 
changed for No. 5, for instance. Cane is a heavy nitrogen feeder and, for best 
results, we like to see nitrogen predominate in our mixtures, and 3 per cent 
organic nitrogen makes it more expensive. 

No. 17 is a good mixture where potash is not wanted. 
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No. 18 carried 413 pounds of filler, which is a waste. We would favor in- 
creasing the nitrogen and adding some potash to this. 

Nos. 16 and 19. At first sight, we do not like these mixtures. We know 
of no reason, and have access to no data in the Islands w^hich indicate that phos- 
phoric acid should predominate in a mixed fertilizer. Sugar cane uses less phos 
phoric acid than it does of either nitrogen or potash. A ton of cane uses approxi- 
mately 3 to 4 pounds of nitrogen, 1.5 pounds of phosphoric acid and 2.7 pounds 
of potash. Our soils, except for some upper areas, are fairly well supplied with 
phosphoric aid. But when one inquires as to how these mixtures are used the 
objection to them tends to largely disappear. This mixture is used for the first 
application only and the phosphoric acid is made high in order that all of it may be 
applied in one dose to the young cane. This is the correct procedure because 
the main function of phosphoric acid is to promote root growth, so the only final 
objection that we have to this mixture is that it contains no potash. 

Summary 

First: For districts of potash shortage and no special need for phosphoric 
acid we believe formulas 1 and 2 to be the best. 

Second : For districts where phosphoric acid is lacking and the need for 
potash not so great we suggest No. 11. 

Third : For general conditions where neither phosphoric acid or potash are 
particularly lacking, Nos. 5, 6, 7 or 8 serve the purpose very well. They are 
practically identical. It will be noted that these formulas are all for concentrated 
mixtures. This saves bags, freight and handling. In order to put up these 
mixtures the use of potash nitrate is sometimes necessary. If for any reason 
potash nitrate becomes unavailable these formulas will need to be changed. 

Total Amounts of Fertilizer Used 

We tabulate herewith, in Table I, the total amounts of both mixed fertilizer 
and nitrogen dressing used by the diflferent plantations ; also number of doses in 
which it is applied and the total nitrogen, phosphoric acid and potash which this 
involves. 

A study of this list shows that nitrogen is used in amounts ranging from 
about 100 pounds to approximately 300 pounds per acre. These extremes are 
not abnormal. Fields producing 90 to 100 or more tons of cane per acre need 
300 or more pounds of nitrogen if they are to keep their fertility. On the other 
hand, some other field which, on account of altitude, lack of water, disease, or 
unsuited variety, produces but 30 tons, does not need more than 100 pounds of 
nitrogen per acre. The point here is that if some other factor is keeping down 
the yield to a certain level, increasing the fertilizer used will not raise the yield 
above this level, until the disturbing factor is eliminated 

We note that quite a large number of the managers report a uniform applica- 
tion of fertilizer to all fields. We believe this to be wrong. Fertilizing cannot be 
made into a standard routine if the best results are to be obtained. No planta- 
tion has uniform fields or uniform conditions, and in order to obtain the best 
results each field should be studied by itself and fertilizer used accordingly. 
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This point is well stated in the reply of one plantation to question 3: ^'Please 
state briefly your policy in regard to the amounts used in various fields/' We 
have heard a great deal recently about the enormous yields obtained at Ewa. 
Here is their answer to question 3: ‘‘No set rule; varies with (a) time of start- 
ing field, (b) time of harvesting, (c) soil conditions, (d) stand of cane, (e) 
drainage conditions, (f) weed condition of field." 

We strongly urge upon all those having to do with the fertilization of our 
sugar cane to carefully consider these points. 

We note that most of our fertilizer is applied in from 2 to 3 doses, sometimes 
4, depending on the length of crop. We do not believe it is necessary to apply 
fertilizer in more than 4 doses ; on the other hand, unless the crop is to be only 
12 months or so, it may not be wise to have less than 2 doses. 

Age of Cane When Fertilized — Practice in Regard to Weeds 

We give herewith, in Table II, a list of the plantations showing at what age 
the first dose of fertilizer is applied, how long before harvest is the last fertiliza- 
tion on and what the practice is in regard to weeding before fertilization. 

! The list is self-explanatory and requires no extended comment. The first 
; fertilizer is applied when the cane is from about one to six months old, and the 
flast applied six to eighteen months before harvest. 

We believe everyone realizes the importance of an early start of the young cane 
and that the apparent delay in fertilization in some cases is due to unavoidable 
circumstances. For instance, there is no use to fertilize a field unless you have 
labor to irrigate and weed it as well. In other words, the practice may be one of 
compulsion and not choice. But every eflfort should be made not to unduly delay 
fertilizing the young cane. Early fertilization not only gives one more growing 
time, but by hastening the closing in of the cane weeds are suppressed, which, 
in turn, helps in the control of mosaic. 

The opinion is general that fields should be clean when fertilized. But the 
“intensity" of the opinion varies to some extent. Some managers say they do 
not fertilize until the fields are clean, no matter how much that delays fertiliza- 
tion. Others prefer to go ahead with the fertilizer rather than be unduly delayed. 
That is a question for serious consideration. Both sides have good arguments. 
However, we are inclined to take the middle of the road in this as being probably 
better than either extreme. Of course, we all know that fertilizer should be 
applied to clean fields and that we should exert every effort to do so. But, some- 
times after “exerting every effort" the fields are still not clean, then what are you 
going to do? Let it go without fertilizer, or, if the cane is big enough, give a 
big application of fertilizer to force the cane above the weeds? 

Winter Fertilization 

Opinion in regard to winter fertilization is fairly well divided, twenty-one 
managers report in favor and seventeen against. - 

Mr. Larsen, of Kilatiea, says; “No. It is very dangerous with us, since we 
getmo response in a cold and wet winter." 



Plantation Age of Cane at First Do You Weed Before Harvest is Last 

Fertilization Fertilizing? Fertilization? 
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Mr. Baldwin, at Kahuku, takes the other side, saying: “Yes, very beneficial 
at Kahuku, as it appears to assist cane to withstand the wet, cold climatic con- 
ditions of this side of the island.’* 

Mr. Thomson, at Waialua, sees no merit in it. *T am opposed to winter 
fertilization, as it has a tendency to make the cane very soft and more susceptible 
to disease.” 

Mr. Penhallow, at Wailuku, explains his position as follows: “Yes, good 
practice for Wailuku. All fertilizer is applied before end of January, usually in 
December in order to get benefit of winter rains. Have better growth on cane 
since this has been made standard practice here.” 

The same argument applies in Kohala and Hamakua when the rains come in 
winter and the summers are generally dry. 

Mud Press Cake 

Only one or two plantations report not using all their mud press cake on the 
fields. The majority of opinion is that the best way to use it is by plowing in 
plant fields. “Dressing up” poor spots is a close second. It is generally applied 
fresh, although in many places, on account of the rush of harvesting it is piled 
up to the end of the season. The majority of opinions also agree that it should 
be covered, but this is not always done. Much of the press cake is applied in 
the irrigation water. When used this way much of the nitrogen and organic 
matter is lost, while the phosphoric acid, potash and lime are delayed in their 
action as they cannot become active until after they become incorporated in 
the soil. 

The opinion of the value of a ton of press cake varies rather widely. Values 
ranging from $2 to $20 per ton are given; $5 to $10 is the figure most 
commonly given, followed rather closely by a value of from $2 to $5. As a 
whole the managers along the Hilo coast give press cake a higher value than do 
the managers from other districts. 

One manager (not from the Hilo coast) said he had “No press cake, thank 
God!” so that is another value. But this manager was thinking of the mill rather 
than the field. 

Liming 

But six plantations report the use of any lime on their fields, and most of 
these report its use occasionally and not as a regular practice. When used it is 
applied at the rate of from one to four tons per acre. 

The Need of Some Filler in Mixed Fertilizer Explained by the 

Manufacturer 

In the mixing of fertilizer of a certain guarantee it is not possible, of course, 
to get this exactly in a commercial plant for a number of reasons, such as slight 
variations in the composition of the materials used, the difficulty of taking sam- 
ples which absolutely represent the lot sampled, the allowable errors in analyses, 
etc. So, in order to be on the safe side and not have to pay a shortage rebate 
the, manufacturer generally makes his mixture slightly above guarantee. In 
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order to do this, certain allowance must be made for some filler. Mixtures show- 
ing 25 to 50 pounds of filler may in reality not contain filler at all, but be made 
up by using slightly more of the different fertilizer materials called for. So, 
practically 25 or 50 pounds of filler should be disregarded. But amounts above, 
say 60 pounds, are not necessary. 

In order to bring out this point we have asked C. G. Owen, Honolulu manager 
of the Pacific, Guano & Fertilizer Company, to briefly outline the mixing of con- 
centrated goods from the manufacturers’ point of view. 

Mr. Owen submitted his views as follows: 

The nianufaetiirer recognizes without question the advantage of using highest con- 
centrated mixed fertilizers where unit values of nitrogen, phosphoric acid and potash 
are constant, because the cost of application becomes less by reason of less labor, less 
freight and less bags per unit of plant food applied. In compounding a ton of commercial 
high grade fertilizer it is not practical to figure closer than 97 per cent of ingredients, 
thus allowing 3 per cent for nitrogen, idiosphoric acid and potash content in excess of 
the guarantee. We believe the reason for this is quite clear, but as an example we will 
say that if a formula is called for as follows: 

12% Nitrogen — 6% sulphate 
5% nitrate 
1% organic 

6% Phoai)horic Acid — 3% bonemeal 

3% superphosphate 

6% Potash — from suli)hate, muriate or nitrate 

the manufacturer could not take the risk of using only sufficient materials equal to 
exactly the guarantee, because it would be practically iin]) 08 sible to draw samples of this 
mixture which would analyze up to the guarantee of each ingredient. The materials 
themselves from which such a fertilizer would be composed have different specific gravi- 
ties, and when mixed together even with the greatest care will not retain their relative* 
position within the mass, but tend to separate according to their different specific gravi- 
ties; the heavier materials gradually shifting from position in the handling of the goods 
from the upper part of the bag in which they are transported and the lighter materials 
coming to the top. Even should their position remain undisturbed, the ordinary com- 
mercial laboratory control and analyses are not sufficiently accurate to secure positive 
results within one- or two-tenths of a per cent. Therefore, should the manufacturer figure 
to fill the guarantee exactly the chemical analysis would show a certain range, one ele- 
ment higher than guaranteed while other elements would be below the guarantee, and 
should it just so happen that the; averages were in phosphoric acid and potash, the less 
valuable plant foods, and the shortage be in nitrogen, the manufacturer would l)e subject 
to a continuous lot of claims for shortages which did not actually exist. Thus it is 
evident, we think, that no commercial fertilizer could be figured closer than 97 per cent 
or 1940 pounds to the ton. 

In regard to certain of the formulas reported, which show' fillers of from 200 
to 400 pounds, by a strict calculation rather than by practice, these additions to fhe 
make-up do not alw'ays exist except by the nature of the raw materials used, because 
phosphatic materials and organic nitrogen materials are far from standard, and there is 
sufficient range in the analyses of these raw materials to take care of the so-called filler 
to a large degree, for commercial bonemeal comes to the manufacturer ranging in analyses 
from 21 per cent phosphoric acid to 31 per cent phosphoric acid, superphosphate from Ifi 
per cent to 20 per cent; dried blood and tankage also have great variations, consequently 
manufacturers in filling what might be termed a lower grade formula than the usual high 
grade make use of the lower grade material thus obviating the necessity of adding much 
filler. 
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The fertilizer manufacturer would welcome an adoption of the general principle of 
the consumer using highly concentrated mixed fertilizers because the maximum good could 
be obtained from the least tonnage and a fertilizer plant could be established to handle 
the least number of tons to get the greatest benefit. 

As newer and higher concentrated raw materials are produced at prices equal to 
present cost of materials which are now available in the market and in regular supply, 
the concentration of fertilizezrs can be raised. For instance, when ammonium nitrate and 
ammonium phosi)hate, urea and potassium nitrate can be produced as cheaply as present 
materials are produced, then higher concentrated goods can come into general use. At 
the present time these materials are limited in quantity and the cost is generally so high 
that the use of them offsets the savings in freight, labor and bags as first mentioned. 

We would say that at the present time commercial fertilizer calculated to within 
90 per cent of the possible concentration would be economically sound, for we will assume 
that freight, bags and handling have a combined average value of $10 per ton, 3 per 
cent of this value would have to be allowed for a laboratory analyses margin, as pre- 
viously explained, leaving 7 per cent or the equivalent to 70 cents per ton, which might 
be saved by the elimination of all fillers. 

In calculating the formulae given under mixed fertilizers at the beginning 
of this article, the following analyses were used : 


Ammonium sulphate 

Nitrate of soda 

20.5% N 

15.5% N 


Nitrate of potash 

Bone meal 

Superphosphate 

14.0% N 

3.5% N 

14% KjO 
22% PzOb 
19% PjOs 
50% KjO 

Sulphate or muriate of potash 

Dried blood 

13.0% N 


In order to make this report complete, some of the details of the fertilizer 
practices on the various plantations are given herewith: 

1. What is the tc<tal amount per acre usod? If you use different quantities on plant 
and ratoons (long and short) on mauka and makai or good and poor fields, please give 
the various amounts. Please state briefly your policy in regard to the amounts used in 
various fields. 

Olaa Sugar Company, Ltd.: We use 1,750 pounds per acre. We make uo difference. 
All fields get the same amount. 

Waiakea Mill Company: Standard application is 1,250 pounds per acre. All plant 
cane receives this amount. On ratoons, the amount is varied from 750 pounds per acre 
to 1,750 pounds per acre, depending on the condition of the stools. It is our policy to 
give heavier applications to better cane and lighter applications to poorer fields. 

Hilo Sugar Company: We use 500 pounds B-1 per acre throughout the entire area. 

AppUcaticn Plan — ^EUlo Sugar Co. 

Batoon 


Application Lbs, Fertilizer Lbs. Nitrogen Lbs. Potash Lbs. Phos. Acid 

Ist 125 P-N 18% 12^ 

2nd 500 B-1 60 50 25 

3rd 375 P N 56% Mlii 

Spring 500 P N 75 50 .... 


Total.. 1500 210 150 25 
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Plant 



Ist 

250 B-1 

30 

25 

121/^ 

2n(l 

250 B-1 

30 

25 

121/2 

3rd 

500 P N 

75 

50 

.... 

Spring 

500 P N 

75 

50 

.... 

Total 

1500 

210 

150 

25 


Onomea Sugar Company: We use 1,500 to 1,800 pounds per acre per crop. All pretty 
niiicli alike, but somewhnt heavier on the knolls than the hollows. 

Pepeekeo Sugar Company: Different quantities are used according to condition of 
growth. The poorer upper lands receive 1 to 2 bags per acre. More than good lands as 
a rule. 

Hohomu Sugar Company: We use 1,125 pounds — the same amount for both plant 
and ratoons. 

Oji the niauka fields fertilization is not as heavy if the croj) docs not warrant it. 

Hakalau Plantation Company: We use from 1,200 to 1,500 pounds per acre, this 
amount a])plie8 to both mauk.a and makai lands. 

I don ^t think it good practice to cut down on the amount api)lied to your good fields, 
and increasing the amount on poor soil. 

By af)plying a good amount of fertilizer to your good soil, the fertilizer has something 
to work on, and your returns arc very much increased. Whereas increasing the amount: 
on poor light soil, you stand a chance of losing a lot of it, by being washed away by 
rarn, and it is coni[)letely lost. 

Laupahoehoe Sugar Company: 1,000 to 1,200 pounds high grade; 500 to 700 pounds 
nitrate. Appli<'ations depending on conditions. 

Kaiwiki Sugar Company, litd.: We use 1,250 pounds. 

Hamakua Mill Company: We use 1,000 pounds. 

Paaukau Sugar Plantation. Company: From 800 to 1,200 i)ou)ids nitrate of soda, 
15.5 per cent N. From 0 to 250 pounds bonemeal, 22 per cent P. From 0 to 150 pounds 
potash from molasses, 25 per cent K. 

Amounts applied to various mauka, or makai fields depend u])on the general appear- 
ance and stand of cane, drought conditions that may affect second season fertilization, 
and the fertility of the field in general as judged by ])revious crop yields. 

Niulii Mill and Plantation: 1,000 pounds high grade, 250 to .300 pounds nitrate. 

Halawa Plantation, Ltd.: From 800 to 1,000 pounds per acre, according to location 
and stand of cane. On short ratoons, we sometimes use 300 ]>ounds sul])hate of ammonia 
and 600 pounds nitrate of soda, applied in three doses, by hand. 

Kohala Sugar Company: We use 1,250 pounds. Katoons and ])lant treated alike. 

Union Mill Company: Five hundred pounds applied per acre in one dose, as a rule. 
Tliiit may be increased to 750 pounds per acre on the better fields. 

Hawaiian Agricultural Company: From 1,200 pounds to 1,700 pounds. No difference 
made with plant or ratoon, nor yet mauka or makai. We, however, make a difference 
with some of our fields, depending upon the natural fertility. These we are generous with, 
but as a rule curtail our amountsi upon fields where moisture is uncertain. 

HutcMnson Sugar Plantaticti?. Company: The amount varies according to the fields. 
We apply more on our good fields than w^e do oji our poorer fields and 1,000 pounds to 
1,500 pounds per acre is applied. 

Kaeleku Sugar Company: One thousand pounds per acre is our standard application. 

Healthy ratoons all in one dose. Backward and dried fields tw’o doses of 500 pounds 
each. Plant cane 400 and 600 pounds in two applications. 

Maui Agricultural Company, Ltd.: All fields get 625 pounds per acre. 

Hawaiian Commercial and Sugar Cccnpany: We use 625 pounds per acre on both 
plant and ratoons. All fields fertilized the same. 
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Wallulni Sugar Company: Plant cane, 1,000 pounds in two applications. Ratoons, 
1,000 pounds in one application. Short ratoons, none. 

This practice determined from results of fertilizer experiments carried on in various 
parts of the plantation. 

Olovalu Company: We use 1,000 pounds per acre on plant and long ratoons, and 
750 pounds per acre on short ratoons. 

Flonoer liCill Company,' Xitd. : Last year we used sulphate of ammonia for first season 
with superphosphate also applied on our mauka fields, the lower fields getting nitrogen 
only. Both plant and ratoons are given equal amounts, bags or 437% pounds of sulphate 
and 4% bags or 567% pounds of nitrate. This gives a total of 175 pounds of nitrogen. 
Mauka fields get in addition 3% bags or 437% pounds of superphosphate or 87% 
pounds of P2^r»* 

Waianae Company: Total amount 150 pounds of nitrogen. 

Ewa Plantation Company: No set rule; varies with 

(a) Time of starting field; 

(b) Time of harvesting field; 

(c) Soil conditions; 

(d) Stand of cane; 

(e) Drainage conditions; 

(f) Weed condition of field. 

Total amounts vary from 175 to 275 pounds nitrogen. 

Oahu Sugar Company, Ltd.: ' We use an average of 1,000 pounds an acre. 

Honolulu Plantation Company: We use from 900 ])ounds to 1,000 pounds per acre 
on all cane. 

Waimanalo Sugar Company: We use 875 pounds on plant and long ratoons. Short 
ratoons, we apply 250 pounds of nitrate of soda about 3 weeks after harvesting and fol- 
low with 625 pounds of high grade about 2 months later. 

Kahuku Plantation Company: Long ratoons, 5 bags, 750 pounds. Plant, 5 bags, 750 
pounds. Short ratoons, 3 bags, 375 pounds. 

We make no deviation from the above figures on account of soil or crop differences. 

Waialua Agricultural Company, Ltd.: We use the same amount on all fields — 1,000 
pounds high grade, 500 to 600 pounds nitrate of soda. I do not believe in adding more 
to the poor spots. Land that is considered poor should, if possible, be discarded or left 
fallow for a crop or two. 

Kekaha Sugar Company: We use from 750 to 1,000 pounds per acre. All ratoon fields 
get a dose of 125 pounds of nitrate of soda per acre when, or shortly after, cane is cut; 
when 2 months old we ajjply high grade and after that we give 800 pounds of nitrate of 
lime or soda in 2 or 3 applications. 

Waimea Sugar Mill Company: We use 1,000 pounds per acre on all fields. 

Hawaiian Sugar Ccmpany: We use 1,000 pounds per acre on both plant and ratoons, 
and extra doses where cane is poor. 

McBryde Sugar Plantation Company: We use 625 pounds mixed fertilizer per acre. 

Total nitrogen for crop received in fields varies from 150 to 225 pounds per acre. This 
depends on stand, soil, location, variety and the controlling factor here, viz; water. Good 
fields get more, poor fields less. 

Koloa Sugar Company: Amount has been increased the last two years. Last year 
we applied 875 pounds per acre, this year we increased it to 1,000 pounds per acre. This 
is now applied regularly to all fields, the total nitrogen being varied according to field 
locations and soil types -when second season applications are made. Mauka, un irrigated 
areas get less than more fertile irrigated areas. We try to govern our fertilization 
by results of experiments in typical soil types of the various sections. As available data 
is as yet meagre w^e are more or less playing safe with kind and amount of fertilizer. 
Mauka areas get 100 to 130 pounds nitrate per acre, makai areas 150 to 225 pounds per 
acre nitrate, and plant and ratoon fields with a strong stand get heavy doses; poorer cane 
lighter doses. . !(' j "ii'TfTSJ 
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Liliue Plantation Company, Ltd.: 

From 600 to 1,000 pounds for plant in our inakai fields; 

From 400 to 600 pounds for plant in our inauka fields; 

From 400 to 600 pounds for long and short ratoons. 

The amount varies according to the variety of cane and location of fields. 

Kilauea Sugar Plantation Company: In good fields, about 800 pounds per acre. 
In poor fields less. This depends so much on condition of cane and time of year. If 
we have a good stand, free of weeds early in the summer we apply one big dose. If it is 
late in the fall when the cane is ready we wait until 8}>ring. In thin soils we apply less, 
in deeper soils more. 

2. In horn many doses is this fertilizer applied? 

Olaa Sugar Company, Ltd.: 3-4-2 5 bags. The 2 bags dressing comes in the winter 
months. ^ 

Waiakea Mill Company: On plant cane two applications — Ist 500 pounds, 2nd 750. 
On good ratoons one application of 1,250 pounds or one of 1,000 to 1,250 pounds, and the 
second of 500 pounds. On poor ratoons two applications — 1st 500 per acre. 

Hilo Sugar Ccmpany: One application on ratoons. Two applications on plant. 

Onomea Sugar Ccmpany: Three; two in the first growing season and one in second. 
There are times when we api)ly three times the first season, depending on climatic con- 
ditions and if we get the fertilizer early in the season. 

Pepeekeo Sugar Company: Generally in two aj);)lications. 

Honomu Sugar Company: Two doses — above 1,200 feet elevation, three applications. 

Hakalau Plantation Cdmpny: Three doses on })lant and two on ratoon. 

Laupahoehoe Sugar Ccmpany: Three and four. 

Kalwiki Sugar Company, Ltd.: Two. 

Hamakua Mill Company: Two. 

Paauhau Sugar Plantation Company: From 2 to 4. 

Niulii Mill and Plantation: Usually 3 a])pIications. 

Halawa Plantation, Ltd,: Higli grade in 2 doses. 

Kohala Sugar Company: Two applications. 

Union Mill Company: One. 

Hawi Mill and Plantation Co., Ltd.: 

Hawaiian Agricultural Company: Three. 

Hutchinson Sugar Plantation Company: As a rule, 3 times. 

Kaeleku Sugar Company: One and two, depending on the vigor of the crop. 

Maui Agricultural Ccmpany, Ltd.: One. 

Hawaiian Commercial and Sugar Company: One dose. 

Wailuku Sugar Company: Plant cane 2 ecpial doses (500 pounds even), long ratoons 
1 dose (1,000 pounds). 

Olowalu Company: On jdant and long ratoons 2 doses, on short ratoons 1 dose. 

Pioneer Mill Company, Ltd.: Plant cane first season fertilizer apj)lied in 2 doses, 
second season 1. Katoon cane first season fertilizer aj)plied in 1 dose and second season 
in I dose. ’ 

Waianae Company: Three. 

Ewa Plantation Company: No set rule; varies as in Question 3. Not less than 2 
doses, not more than 4. 

Oahu Sugar Company, Ltd.: One dose for high grade. 

Honolulu Plantation Company: Two doses. 

Waimanalo Sugar Company: One. 

Kahuku Plantation Company: One application. 

Waialua Agricultural Ccmpany, Ltd.: One dose for high grade and one dose for 
nitrate. 

Kekaha Sugar Company, Ltd.: One dose. 

Waimea Sugar Mill Company: One. 
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Kawallan Sugar Ckunpauy: Very young cane 2 doses. Cane 4 months old, one dose, 

MksBryde Sugar Plantation Company: One. 

Koloa Sugar Company: In most cases of late we put on 1,000 pounds in one dose 
and find results warrant it. 

IdUuo Plantation Company, Ltd.: One. 

Kilauea Sugar Plantation Company: One dose on plant. Usually 2 doses on ratoons. 

3. Do you always make it a policy to weed your fields before applying the fertilizer, 
or when the proper time comes do you fertilize, regardless of the condition, of the field, 
rather than unduly delay this application? 

Olaa Sugar Company, Ltd.: Yes, although when there is an acute shortage of labor, 
as in 1921, we are not very particular. 

Walakea Mill Company: Wo always weed our fields before applying fertilizer, even 
if this causes some delay in time of application. 

Hilo Sugar Company: We always weed our fields before fertilizing. 

Onomea Sugar Cccnpany: We never apply fertilizer to weedy fields unless it is tlio 
intention to cover everything up immediately, such as hilling up. 

Pepeekeo Sugar Company: Where possible, but have found good results from apply- 
ing a week ahead of hoeing as the cane gets hold of the fertilizer and makes a rapid 
growth and gets well ahead of the grass after hoeing, thus widening the period between 
hoeings. 

Honomu Sugar Company: We always weed the fields previous to applying fertilizer. 

Hakalau Plantation Company: We always endeavor to clean our fields before apply- 
ing fertilizer but do not believe in delaying the ap})lication. 

Laupahoehoe Sugar Company: We Avced before applying fertilizer. 

Haiwiki Sugar Company, Ltd.: Always clear fields before fertilizing. 

Hamakua Mill Company: When clean. 

Paauhau Sugar Plantation Company: We do not fertilize unless field has been wooded, 
and like to see our way of keeping field clt?ar after fertilizing. Do not believe in applying 
fertilizer unless cane is reasonably free from weeds and pretty well closed between rows 
for second season fertilization. 

Niulil Mill and Plantation: We make it a policy to weed the fields first. 

Halawa Plantation, Ltd.: We always weed before apj)lying fertilizer. 

Kobala Sugar Company: If necessary, we always hoc our weeds before applying 
fertilizer. 

Union Mill Company: Fertilizer is applied to clean fields only. 

Hawaiian Agricultural Company: Never apply fertilizer unless fields are clean. 

Hutchinson Sugar Plantation Company: We always weed our fields before fertilizing. 

Kaeleku Sugar Company: Weed the fields. We would not apply otherwise regardless 
of how late the ai)p]icatioiJ. 

Maui Agricultural Company, Ltd.: As a general rule fertilizers are not applied wlien 
the fields are in a weedy condition. 

Hawaiian Commercial and Sugar Company: We weed and have the fields clean be- 
fore fertilizing. 

Wailuku Sugar Company: Fields are cle.an before fertilizer is applied. 

Olowalu Company: Yes, always weed before fertilizing. 

Pioneer Mill Company, Ltd.: We weed our fields before applying fertilizer, if poosiblo. 

Waianae Company: Weed whenever possible. 

Bwa Plantation Company: Never apply fertilizer except in a clean field. 

OaJiu Sugar Company, Ltd.: Have fields clean whenever possible. 

Hoxiolului Plantation Company: Alw’ays weed the fields first. 

Walmanalo Sugar Company: Weed before applying fertilizer. 

Kahuku Plantation Company: Always weed the fields and make an extra thorough 
weeding of reservoir and supply ditches. 
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Waialua Agricultural Company, Ltd.: We make it a point to have our fields clean 
and in good condition before applying fertilizer. 

Kekalia Sugar Company, Ltd.: As a rule we weed before we fertilize. We would 
rather delay application than fertilize in dirty fields. 

Walmea Sugar Mill Company: Apxjlied on clean fields when possible. 

Ha.waiian Sugar Company: It is very important to have fields of sugar cane clean 
and free of weeds before fertilization and we make this a practice. 

McBryde Sugar Cccnpany, Ltd.: Try t(y get fields weeded. Personal belief is to get 
fertilizer on even though field is weedy, if proper moisture assured, and if labor is such 
that weeds can be gotten soon. If rains come all plantation fields cannot get application 
at once. 

Koloa Sugar Company: Where weeds are not heavy we often apply the fertilizer 
when cane is w'ell up and able to keeji ahead of grass. Labor permitting, we try to have 
weeding sufficiently advanced so as not to delay the fertilizer application. Whenever we 
can we weed ahead of the fertilizer application. 

KUauea Sugar Plantation Company: Wc w'ced first or sometimes aj)ply the fertilizer 
directly ahead of the weeding. 

Liliue Plantation Company, Ltd.: We prefer to have our fields clean. 

A How long before harvesting a field do you apply the laet fertilizer? 

Olaa Sugar Company, Ltd.: About 0 months. 

Waiakea Mill Cempany: We apply nitrate as long as possible before harvesting. 
It usually runs from 9 months to a year ahead. 

Hilo Sugar Company: As early as the size of cane will permit, but never later than a 
year before harvesting. 

Onomea Sugar Company: Ten to 12 months or more. We aim to be through with 
our second year fertilization by the beginning or the end of M.ay. 

Pepeokeo Sugar Company: Twelve months if possible. 

Honomu Sugar Company: From 8 to 10 months. 

Hakalau Plantation Company: We endeavor not to fertilize after May, all our spring 
dressing is done between February and May. 

Laupahoehoe Sugar Company: Five or 6 months. 

Kaiwlki Sugar Company, Ltd.: One year. 

Hamakua Mill Company: One year. 

Paauhau Sugar Plantation Company: About 12 months. 

.^Niulii Mill and Plantation: Ten to 12 months. 

Halawa Plantation, Ltd.: About a year. 

KiOhala Sugar Company: At least 10 months before cutting. 

Union Mill Company: At least a year. 

Hawi Mill and Plantation Company, Ltd.: Our aim is not later than 10 months. 

Hawaiian Agricultural Company: About a year; sometimes, owing to inability to 
harvest, 18 months. 

Hutchinson Sugar Plantation Company: At least a year and often more. 

Kaeleku Sugar Company: Eight months. 

Maui Agricultural Cempany, Ltd.: Usually 9 to 12 months. 

Hawaiian Commercial and Sugar Company: For the 1925 crop we finished applying 
nitrate of soda in March. 

WaUuku Sugar Company: At least 12 months. Runs from 12 to 18 months. 

Olowalu Company: Ten to 12 months. 

Pioneer Mill Cempany, Ltd.: One year if possible. 

Waianae Company: Long ratoons in June, short ratoons in January. 

Bwa Plantation Comi)any: Try to apply it at least 12 months before harvesting, 
but in December and January harvested fields the interval is 10 months. 

Oahu Sugar Company, Ltd.: Eight to* 12 months. 


2 
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Honolulu Plantation. Ckimpany: Nine to 18 months. 

Waimaaalo Sugar Oomiiany: At least a year. 

Plantaticn Cknnpany: June is the last date of general application. Harvest 
commences in December of the same year. 

Waialua Agricultural Company, Ltd.: Five or 6 months (?), 10 to 12 months. 

Kekaha Sugar Company, I^.: As a rule 6 months, sometimes less on short ratoons. 

WaJmea Sugar Hill Company: About 10 months. 

Hawaiian Sugar Company: From 5 to 6 months. 

McBryde Sugar Plantation Company: From 10 to 12 months. 

Holoa Sugar Comimny: We try to make it as near a year as possible. 

Blilauea Sugar Plantation Company: Not less than 9 months. 

Lihue Plantation Company, Ltd.: We aim to have all our fertilizer in before June 15. 

6. Dc« you practice so-called winter fertilization? What is your opinion in regard 
to this? 

Olaa Sugar Company, Ltd.: Sometimes wo apply a 2-bag dressing to some of our 
fields. We believe it keeps the plant growing and increases its root system, thereby put- 
ting it into a condition to readily absorb the spring dressing. 

Waiahea Mill Company: No. 

Hilo Sugar Company: Yes, we fertilize throughout the year. It is true that cane 
grows very slowly during thp winter months, but if we do not apply fertilizer in the 
required amounts and at the pi^oper time, the cane becomes very yellow and shows the need 
of same in winter as well as in summer. 

Onomea Sugar Company: The only time w^e do this is when we are not able to get 
our regular work done sooner, not from choice. We believe it would be bad practice in 
this wet district. 

Pepookeo Sugar Company: Prefer to have some warmth and bacterial action in the 
soil before applying. Generally start second season ^s fertilization about March. 

Honomu Sugar Coznpaiiy: Just as little as possible. In my opinion it is not good 
practice to fertilize during the winter months. The cane can make but little use of the 
fertilizer and there is more or less loss of nitrogen on account of the heavy rains of the 
winter season. 

Hakalau Plantation Company: Most of our final or third application of fertilizer is 
done in winter months. 

Laupaboeboo Sugar Company: We fertilize at any or all times when we consider 
necessary. 

Kaiwiki Sugar Company, Ltd.: No. 

Hamakua Mill Company: Sometimes; this depends on the season. 

Paaubau Sugar Plantation Company: We believe that temperature is the limiting 
factor for cane growth during winter months. Lower fields, however, can be pushed 
ahead, if late, by fertilization every tw^o months, if necessary, 

Kiulii Mill and Plantation: We prefer applying during summer months, but in the 
Kohala district on unirrigated fields it is usually too dry during those months, so wo 
apply as soon as rain comes. 

Halawa Plantation, Lt<t: 

Kobala Sugar Company: We aim to have all fertilizing done by the middle of 
February. 

Union Mill Company: No. 

Hawi Mill and Plantation Compiany, Ltd.: No. 

Hawaiian Agxioultural Company: We apply so-called spring dressing'^ at all times 
of the year. We do not believe in winter applications if it can be avoided. 

Hutcbinaon Sugar Plantatioii Company: 'We fertilize at all times of the year. This 
Is necessary under oUr conditions, where we harvest all the year. 

Kaelelcu Sugiur iTumpany: We do not approve of winter fertilization, and consider it 
more advantageous to defer fertillzmg until spring. 



Maui Agricultural Oompany) Ltd.: No. 

Hawaiian Commercial and Sugar Company: 

Wailuku Sugar Company: Yes, it is good j)ractice for Wailuku. All fertilizer is 
applied before end of January — usually by December in order to get benefit of winter 
rains. Cane is usually closed in by this time and growth is stimulated by the fertilizer. 
Have better growth on cane since this has been made standard practice here. 

Olowalu Company: We apply nitrate of soda on plant and long ratoons from early 
in January into March. 

Pioneer Mill Ccanpany, Ltd.: We apply our spring dressing beginning in December 
and are through in March, most of the fertilizer going on in January and February. This 
gives us very good results. 

Waian.ae Company: Yes. We have good results from winter fertilization. 

£wa Plantation Company: On early started cane, will apply a small October dose 
and get results which are profitable, as shown by experiments. 

Oaliu Sugar Company, Ltd.: No. 

Honolulu Plantation Company: Have not tried it. 

Waimanalo Sugar Company: No. 

Elahuku Plantation Company: Nitrate of soda, 200 pounds x)er acre. Yes, very 
beneiTcial at Kahuku as it ai:)pears to assist cane to withstand the wet, cold climatic 
conditions of this side of the island. The test carried out this year is showing great benefit 
of this application. 

Waialua Agricultural Company, Ltd.: We arc opposed to winter fertilization, as it 
has a tendency to make the cane very soft and more susceptible to sickness. 

Kekaha Sugar Ccoipany, Ltd.: Sometimes in a dry year. Nitrate of lime in the 
winter months, with good results. Hovrever, only in a dry year in the irrigation water. 

Waimoa Sugar Company: Depending on weather conditions. In case of a dry, warm 
■wunter it gives the cane a quick start in the spring. 

Hawaiian Sugar Company: Yes, under certain conditions, it is a great help to back- 
ward fields, and in our opinion is worth the expense in certain cases. 

McBrydo Sugar Company: Yes. Depends on the w’inter. Think that a ^^shot’^ in 
November sends it along through the winter a bit. We start our spring dressing hero 
in January. 

Koloa Sugar Company: Some fields which have received very early mixed fertilizer 
applications show apparent gain in color and growth with additional dose of nitrate in 
late fall or early winter. We have not done this extensively yet. 

Kilauea Sugar Plantation Company: No. It is very dan^rous with us, since we get 
no response in a cold and wet winter. 

Lihne Plantation Company, Ltd.: The only winter fertilizing wo do is in some late 
planted field, when w’c give 200 or 250 pounds of nitrate of soda to' stimulte it through 
the cold weather. 

6. How do you apply mud press to plant fields before plowing, to poor spots in 
different fields, etc.? 

Olaa Sugar Company, Ltd.: It depends on the nature of the soil. In some fields it is 
used for ^ touching up^^ poor spots, in others it is spread evenly all over. 

Waiakea Mill Company: We apply to plant fields before plowing wdien such fields 
are adjacent to railroad. Otherwise to ratoon fields. We do not believe in spending largo 
amounts doctoring up poor spots. The same amount spent on good soil will produce 
double the results. 

Hilo Sugar Company: We apply it to plant fields before plowing and to poor spots in 
all fields as far as is practicable. 

Onomea Sugar Company: Our preference is to have it plowed in before planting, but 
we find it good in every instance no matter how it is applied, only when it is jilowed 
under it saves t^e forcing of weeds. All surface weeds feed readily on it, hence we prefer 
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turning it under. We also get good results by applying it in the furrow just before 
planting. 

Pepeekeo Sugar OomiMiny: As much as we can get on plant ahead of plowing^ the 
remainder to poor spots or poor fields. 

Honomu Sugar O^pany: To plant before plowing and to poor spots in both plant 
and ratoon fields. 

Haka!au Plantation. Company: We get as much as possible on fields to be planted, 
and also before plowing. On ratoons we spread, it in between the rows. 

Laupahoeboe Sugar Company: Before plowing; also throughout the different fields. 

BLaiwiki Sugar Company, litd.: Before plowing. 

Hamakua Mill Company: Before plowing to poor fields. 

Paaubau Sugar Plantation Ccmpany: Mostly by throwing it into the irrigation water. 

Niulii Mill and Plantatiop: To poor spots in fields. 

Halawa Plantation, Ltd.: To plant fields before plowing and to poor places, such as 
hillsides, etc. 

Kokala Sugar Company: We ai>ply it on poor spots and plow in, but mostly to young 
crops in irrigation water. 

XTnion Mill Company: To plant fields before plowing. 

Kawi Mill and Plantation Company, Ltd.: To plant fields before plowing. 

Hawaiian Agricultural Company: Poor spots. In ratoon fields. 

Hutcbinson Sugar Plantation Company: 

Kaeleku Sugar Company:' Poor spots in stony fields. 

Maui Agricultural Company, Ltd.: 

Wailuku Sugar Company: To both. Applied to fields convenient for transportation 
on railroad. 

Olowalu Company: Generally on poor spots in fields while portable track is in the field. 

Pioneer Mill Company, Ltd.: We would like to apply all mud press to our mauka 
fields which are low in phosphoric acid, but the handling costs prohibit this. Most of 
our mud press is spread with manure spreaders ahead of second steam plowing. Poor 
spots are also touched up with mud press, 

Walanae Ccmpany: Both. 

£wa Plantation Company: Uniformly by manure spreader. 

Oahu Sugar Company, Ltd.: Before plowing; also to poor spots and in water when 
necessary. 

Honolulu Plantation Company: To plant fields before plowing. 

Waimanalo Sugar Company: To plant fields before plowing if fields are available; 
if not, in irrigation water. 

Kabuku Plantation Company: 1. To different fields in the water (mostly coral rock 
sectors). 2. To fields lying fallow, 3. To poor spots. 

Waialua Agricultural Company, Ltd.: Prefer applying it to fields before plowing or 
after the first plowing. 

Kekaba Sugar Company, Ltd.: We apply by railroad cars from 10 to 15 cars, or about 
10 to 15 tons per acre, and plow under. 

Waimea Sugar Mill Company: Either to plant fields before plowing, or to poor spots 
in different fields. 

Hawaiian Sugar Company: We apply it in the irrigation water, and also before 
plowing. 

McBryde Sugar Company, Ltd.; Plowing, but where possible like to get it on poor 
spots. We often run It in water on poor spots, especially if the fields to be plowed are 
too far and inconvenient from main line. 

Koloa Sugar Company: We apply it with a manure spreader on fields to be plowed 
and planted. 

Kilauea Sugar Plantation Company: Plant fields before plowing* also on poorer spots 
and palis in ratoon fields. 

liibne Plantation Company, Ltd.: Yes. 
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Comparative Values of Normal Juice Factors^ 


By Raymond Elliott 

The metli6ds used for determining the tons of cane in a factory where the 
cane is flumed directly to the crusher necessitates the use of a factor on the 
crusher or first mill juice brix, so that the various calculations can be made. 

We know that as the cane comes to the mill to be ground, it is very difficult 
to sample because of the widely varying degrees of ripeness. Therefore, on 
rail and flume plantations the control starts at the mixed juice scales. 

It has been found that in flume cane factories the first expressed juice is 
diluted with water adhering to the cane, and in determining a factor to be used 
in calculating the weight of the cane allowance has been niiide for this dilution, 
that is, the calculated cane weight refers to dry cane or rather to cane minus 
adhering water, but not water that has been absorbed by the cane, which be- 
comes a part of the juice in its transit from field to mill. 

The cane weight on a flume plantation, where a constant factor is used will 
not vary as on a rail plantation where the cane is weighed. The rail weights 
will vary according to climatic conditions, trash content of cane and its ability 
of retaining water. In some cases where there is a flume near the mill, a train 
of cane may come directly to the scale and be weighed while there is considerable 
water still dripping from the cars. This extra weight goes in as cane and in- 
creases the tonnage of cane, making the ratio of cane to commercial sugar higher. 
On flume plantations these fluctuations do not occur, therefore, they have the 
advantage. 

The object of the writer is to make a brief comparison of normal juice factors 
in order that we may see how important this phase -of control is. The whole 
question may be summed up as follows : 

First, how important is the normal juice factor? 

Second, the weight of cane per ton of sugar being intimately tied up with 
the normal juice, will the tons of cane per ton of sugar from a fluming plantation 
be strictly comparable with a factory that weighs their cane? 

Third, is there any relation between, Java ratio and the normal juice factor? 

I have taken an ordinary day’s run at Paauhau and calculated the tons cane 
by using different factors. The table, which is to a large extent self-explanatory, 
is given herewith: 

^ Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 



Brix of Crusher Juice 17.00 

Polarization of Crusher Juice 14.80 
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Inspection of the figures show, that the higher the normal juice factor, the 
higher the extraction and polarization per cent cane, aLso less tons of cane, 
therefore less tons of cane per ton of sugar and furthermore, as the normal 
juice factor is increased, the Java ratio increases in proportion. Lowering of the 
normal juice factor reverses the above. 

Assuming a 90 per cent total recovery, we have for a 92 normal juice factor, 
78.95 X .90 == 71.05 tons sugar, and calculated tons of cane per ton of sugar 
is 9.91 and similarly for a factor of 104 we have 78.71 X .90 = 70.84 equalling 
8.76 tons of cane per ton of sugar. 

The difference, or 9.91 less 8.76, is 1.15 tons of cane, or .09 ton cane per 
degree increase or decrease in normal juice factor depending on whether the 
factor is increased or decreased. 

If the fiber is decreased, other factors remaining constant, the extraction and 
polarization per cent cane are increased, with a correspondingly less tonnage of 
cane, hence less tons of cane per ton of sugar. Increasing the fiber, the reverse 
is true. 

The writer calculated all of the normal juice factors for the different planta- 
tions from figures given in the Annual Synopsis of Mill Data for the years 1921, 
1922 and 1923. The factors and Java ratios were plotted and agreed very closely 
when compared year by year. The graph for 1923 is given. Each plantation, 
however, is not strictly comparable with another for this reason. Some mills 
report only crusher juice while others report a mixture of crusher and first 
mill juice. The latter is generally called first mill juice. The crusher juice will 
roughly represent a juice extraction of 30 per cent while the crusher and first 
mill may go as high as 30 per cent juice extraction. 

At Paauhau, we have made a large number of determinations to ascertain the 
difference between the crusher and first mill brix. An average of 97 tests gave 
the following : 


Crusher juice brix ]6.81 

First mill juice brix 16.48 

Difference 33 


On this basis, each tenth in brix would then represent ±: .59 in the normal 
juice factor where the brix is 17.00 and ± .50 where the brix is 20.00. The 
difference does not seem large, but when calculating tons of cane using these dif- 
ferences, large discrepancies appear. 

On a plantation where the cane is weighed, it has been my experience that 
the calculated factor varies from day to day. Today it may be 94, tomorrow 98, 
and no visible reason for the change, but, over a long period, comparing crop 
to crop, the factor is quite constant. 

Following are some figures taken from the daily reports at Paauhau. They 
tend to show that rainfall influences the normal juice factor: 



HILO S.CO. ■ 
ONOMEA - 
LAUPAMOEHOE ■ 
OLAA S.CO ■ 
HAKALAU 
HONOMU - 
KOHAU 
NIUL.II 
HAWh S.CO. ■ 
HAWI M.frP.C0L- 
KAHUKU 
PEPEEKEO ■ 
MAUI AEltCa ■ 
HUTCHINSON - 
KAELEKO ■ 
KEKAHA S.CO - 
HONOLULU - 
HALAWA 
WAIALUA 
M«BRYDE ■ 
KOLOA s.ca - 
OLOWALU - 
WAIMEA 
OAHU S, CO - 
WAIANAE 
WAIAKEA - 
UNION MILL - 
HONOKAA - 

H.c.trs.co. - 
MAKEE S.C0,- 
WAitUKU - 
HAW'N a. CO. ■ 
EWA PI. CO. ■ 
PAAUHAU - 
HAMAKUA ■ 
KAIWIKI 
PIONEER - 
LIHUE R CO. - 
KILAUEA ■ 


fNormal 


ic« Factor 


m 


6 1 


CHART I. 

ANNUAL SYNOPSIS OF MILL DATA 
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Date — 1924 Eainfall in Inches Normal Juice Factor Java Ratio 

March 24 1.49 99.70 81.66 

March 25 .02 100.32 81.85 

March 26 .01 98.82 80.50 

March 27 .00 97.70 77.86 

March 28 .36 94.62 79.31 

March 29 .05 98.73 80.14 

April 1 .00 95.06 78.38 

April 2 .00 95.55 79.58 

April 3 .00 95.76 77.17 


When we have dry weather at Paauhau, generally the factor varies between 

95 and 96, but as soon as it rains the factor rises. I think this niay be due to 

the first expressed juice being diluted, hence a lower brix and polarization, the 
purity remaining constant. The total polarization in the cane would be the same 
as before. 

I would not say that rainfall had everything to do with the variation of 
the factor. There are other conditions which to a greater or lesser extent in- 
fluence the above, for instance, whether the cane is plant or ratoon, variety, 

damaged cane by rats and borer, irrigated vs. non-irrigated, etc. 

The true average of 25 complete dry crushing tests at Paauhau gave a 95.17 
normal juice factor based on the crusher juice. The same calculated on the 
combined crusher and first mill juices gave 96.67. 

Summing up, in answer to the first question as to the importance of the 
normal juice factor, 1 would say that as far as the comparative value of the 
normal juice factor is concerned, it is quite useless to compare factory against 
factory under the existing conditions. If all factories were operating* exactly 
alike, then the factor would be one of the most important figures that we could 
have in the chemical control for cane sugar factories in Hawaii. 

To the second question, as long as flume cane factories calculate their cane 
weights and all use different normal juice factors, their tons of cane per ton of 
sugar will not be comparable with those factories weighing their cane. 

Lastly, the Java ratio is important as there is a direct relationship between 
the two figures. 

In concluding this discussion on normal juice factors, I think more time, 
attention and thought should be given this important subject and that its value 
be frequently determined by all plantations on a uniform basis. 
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Report on Mill and Boiling House Installations and 
Activities in 1924^ 


By Arthur F. Ewart 

In the early part of July letters were addressed to a number of mill engineers 
asking for a list of new machinery that was being installed in their factories this 
year, also for any other information that would be of interest to the members 
of this Association. 

The six replies received form a part of this report. 

J. Lewis Renton, of Ewa Plantation Company, writes : 

The new machinery added to' the Ewa Plantation Company factory this year has not 
been very extensive. 

The main engine of the second mill train, which was a 28" x 48" light Corliss, was 
replaced by a heavy duty 30" x 54" Corliss, and the new engine is giving perfect satisfac- 
,tion as well as increasing our recovery by being able to carry the load as now determined 
by Hawaiian mill practice. The variation from the standard 30" x 60" engine for a nine- 
roller mill unit was deemed advisable as this engine drives the second mill train, which 
operates at a co’mparatively high speed especially with our high grinding rate and to keep 
the piston speed within limits of good practice it was necessary to shorten the length of 
cylinder. 

An electric magnet was installed back of the first nine-roller mill unit to remove iron 
from the bagasse blanket before entering the second nine-roller mill unit. The magnet 
was made part of the discharge roll scraper and set at an angle of 45®, and was very 
successful in catching and holding practically all of the iron and steel passing this point. 
This assortment was the accumulation of three months^ grinding and weighed over 300 
pounds. From the experience gained with this installation I do not at present see any 
hope of removing iron or steel preceding our mills or even early in the mill train, except 
at some point where a thin blanket of dry, finely divided bagasse is made to slide down 
an incline. These limitations make its adoption almost impossible except in those mills 
where such a condition does exist. I might add, that with our heavy tonnage, most of the 
damage to the rollers and the grooving from pieces of iron occurs in the second mill train. 

Boiler feed water regulators of the Copes manufacture were tried out on four of 
our boilers and gave such excellent service that they are to be placed on all of our high 
pressure boilers. One advantage of this type of regulator is its simplicity, the only work- 
ing part being the boiler feed valve itself and the lever to it. A fusible disk type of 
low water alarm is being used also. 

Water meters were installed on the boiler feed, maceration water line, and the mud 
press wash water line. These are very satisfactory and a great help in the work and control 
of the factory. 

The milk of lime for liming at the mixed juice scales, is now being circulated and 
mixed with an air lift operated by compressed air. While not as efficient mechanically as 
other means .of circulation now employed, provided the other equipment is kept up mechani- 
cally, it probably pays for itself in cost of upkeep and average efficiency. 

An attachment to our cane scales on the empty car side has been tried out for the 
past several months, same being an automatic registering device which will give direct 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Hontl^lulu, Oetober 27, 1924. 
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readings of from 0 to 5,000 pounds, and has given such a good account of itself that an 
order has been placed for another for the full car scale. In case of disability, the attach- 
ment can be disconnected and weighing with the beam scale taken up. The automatic 
attachment is not very expensive and seems to be doing accurate work as well as enabling 
the scale man to be more accurate in his reports. 

J. Meinecke, of Maui Agricultural Company, Ltd., writes: 

The following is a list of new machinery being installed at Maui Agricultural Com- 
pany, Ltd., this season: 

1 Westinghouse steam turbine direct connected to 1500 k. w. generator, turbine running 
3600 r. p. m. condensing on an Alberger condensor. 

1 Guild and Garrison juice pump 12" x 12" x 20". 

1 Cameron boiler feed pump 16" x 10" x 33". 

1 Double friction steel hoist for cane cars. 

1 One hundred horse power motor for revolving c.'ine knives. 

1 One hundred and fifty horse power motor for revolving cane knives. 

1 Eighty-eight-tooth, 4^^" pitch, 18" wide mill gear. 

1 Honolulu Iron Works mill, consisting of 2 cast steel cheeks with Honolulu Iron patent 
steel caps and cast steel returner bar for 7th mill. 

4 Honolulu Iron Works patent steel caps for 5th and 6th mills. 

12 New cast iron mill rollers 34%" x 66". 

2 Eight hundred horse power Stirling boilers to carry 160 pounds steam replacing 
6-7 X 20 tubular boilers. The factory will have a total of 3900 boiler horse power consist- 
ing of four 800 horse power boilers and two 350 horse ])Ower Bjidenhausen boilers, all to 
furnish steam at 160 pounds pressure for Westinghouse steam turbine and 125 pounds steam 
for factory through Mason regulating valves. 

2 Ten-inch double automatic Lagonda steam valves. 

2 Ten -inch Mason regulating valves to regulate pressure from 160 to 125 pounds. 

R. B. Kay, of McBrycle Sugar Company, Ltd., writes: 

Our only new installation during the f>ast crop w’as a Peck strainer, which gave very 
satisfactory results. A detailed report of the strainer will appear under ^^Raw Juice 
Straining. ’ ^ 

New inachiiiery being installed this year includes a 15-toii Niles electric crane, a 
new machine shop and a lathe capable of turning our own rolls. The machine shop is 
actually a cotinnance of the mill, and the electric crane will enable us to lift the roll 
direct to the lathe. From this arrangement we anticipate a considerable saving in labor 
and time. 

George Duncan, of Olaa Sugar Company, Ltd., writes: 

I am afraid I cannot give you any assistance on the above topic, as there is nothing 
new or contemplated at Olaa. 

A subject that has received very little attention, it seems to me, is that of fuel 
economizers. Why is it they are not used, especially in places where they are troubled by 
the lack of fuel I Even in new factories their use is not contemplated. There must 
be some reason for this. What is it? 

Maybe we may hear something at the meeting that will throw a bit of light on this. 

W. van H. Duker writes : 

Orusber Uall DeBlgn: The ordinary crusher roll consists of a shell fastened on a steel 
shaft. Keying up of the shaft requires much time and needs to be done with the greatest 
care and accuracy, as otherwise it may happen that the shell Avorks loose. 
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The maker is expected to deliver such work under the highest guarantee, that is, 
when both shell and shaft are furnished by him. When this is not the case and when a 
new shell is to be fitted to an old shaft, or vice versa, he cannot assume the same responsi- 
bility because the quality of the material is then unknown to him. 

The charges for putting on a new shell are often considered high, but when realizing 
the painstaking effort and skillful work required, it is clear that such work can only bo 
done by expert and high-paid labor. 

The location of the keyway in the pinion on one roll is done after the keyway in the 
other roll has been fixed, because the pinion must be so fitted that the corrugations on the 
:8hell and the teeth on the pinion correspond in their relative positions. 

When the pinion has as many teeth as the shell has rows of corrugations, the key is 
])laced opposite the center of a tooth in such a way that the center of the pinion tooth cor- 
responds with the center of the corrugations on the shell. 

The shape of the corrugations of the crusher shell has a decided influence on the 
quality of the crushing. In the illustration. Fig. 1, the space lettered A over 1 and 2 



Fig. 1 


is much smaller in the imperial type and the reabsorption of already removed juice is 
bound to be less. ^ 

When the corrugations on the shell are badly worn, the distance can be reduced 

by changing the position of the pinion teeth in relation to the corrugations on the roll; 
this is done by using an offset key in the pinion, as shown in the illustration. 

I present this case at the risk that I am repeating something considered as generally 
known, but I wish to add that this is an example taken from actual milling experience. 
At Hamakua Mill Company, this was exactly the case. For years the extraction obtained 
with a crusher and 12-roll mill remained at about 95 per cent. Many suggestions were 
made, many improvements executed, but the results were not changed. Th-^ crusher was 
badly worn and generally condemned until the local engineer-, Wm. Craik, shifted the 
Xflnion on the shaft in the manner described above. From that time op entirely different 
milling results were obtained. I would say an average increase in extraction of between 
1 % l^r cent to 2 per cent. 



293 


Mr. Seymiour Terry writes: 

Modem Evaporating Methods: Publications devoted to Sugar News point out a 
tendency in the European beet industry to discard our well established vacuum type 
evaporator in favor of pressure evaporation. The indication is that all new European 
beet factories under construction and contemplated will install evaporators operating at 
a pressure in the cells' in place of a vacuum. They claim a saving of as high as 25 per 
cent of fuel used in certain cases by the adoption of this method of concentrating againsv 
the old method. It is natural that developments toward fuel saving should emanate from 
European beet factories nrhen consideration is given to the fact that a beet factory has 
to purchase all the fuel used generally in the form of coal or oil, and Europe cannot afford 
to leave any suggestion of possible economy uninvestigated. Czechoslovakia is the most 
advanced in this new method of concentration, but Europe in general is prepared to dis- 
card the old for the new where conditions will allow of it. It is not the intention of this 
article to imply that any revolutionary changes can be effected by applying this system to 
our cane sugar factories, but simply to draw attention to what at this time is the leading 
topic iji the camp of our beet sugar competitors. 

It will be interesting to first set down the principle of operation of an evapoiator. 

In our standard multiple cell evaporator, w'e introduce steam into the calandria of 
the first cell, which steam contains both sensible and latent heat. We draw off the con- 
densate at the temperature of the steam leaving behind the latent heat. This latent heat 
fjasses through the tube system and converts the liquid in the juice space into steam. This 
cycle is repeated for however many cells are used, such as four times in a quadrujde effect 
evaporator. In order to have this latent heat pass through the tubes and do its WT)rk on 
the liquid it is necessary to have a difference of temperature between the heating steam 
and the liquid. This is obtained by using a condenser operated by cold water and an air 
pump to produce as low a temperature as possible in the last cell. The higher the vacuum 
the lower the tfinperature. The greater the temperature difference between the inlet 
steam and outgoing vapor or the overall temperature drop of the evaporator, the more 
w’ork will be done by the evajmrator. How'ever, the act of condensing the vapor from the 
last cell throws into the discard all the remaining latent heat in the vapors. 

In pressure evaporators it is general to use three cells as a triple effect operating at 
about 16 pounds pressure in the calandria of the first cell down to V/j to 2 pounds in the 
vapor side of the last cell. This steam from the last cell is then used in the vacuum pans 
which operate at a vacuum as at present. The amount of steam required by the pressure 
trij)le evaporator is, of course, more than would be used in a quadru})le operating at a 
vacuum, but in that it is discharged at such a pressure as to be of further use in the 
vacuum jians, a considerable steam saving i.s made. In this way, a unit consisting of a 
pressure operated triple supplying steam to the vacuum pans shows a large decrease in 
steam consumption over a quadruple and pans both operating at a vacuum. This new 
method gives a higher steam temperature and a correspondingly higher syrup temperature. 
To avoid discoloring the syrup, rapid circulating evaporators having a high transmission 
coefficient are used so that the concentration is rapid, and the time the liquor is in the 
apparatus short, which also means that the amount of liquor in the body at one time is 
much less than at present. Due to the condition that exists in syrup in that as the tem- 
perature increases, the viscosity rapidly deereases, a higher rate of evaporation is obtained 
for a given temperature drop at the higher temperatures of operation in the pressure 
evaporator. Incidentally, the engines supplying the exhaust steam to the evaporators 
have to work against a back pressure of 16 to 18 pounds per square inch. 

Another phase of the evaporation problem which is being studied at this time is vapor 
compression described as follows: 

The heating steam enters the calandria of the first cell and the condensate is drawn 
off as usual. The vapor produced from the liquid in the body of the cell and which is 
at a lower temperature than the heating steam, depending on whatever temperature drop 
the cell is operated at, is taken from the top of the cell and put through a vapor com- 
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pressor where it is compressed up to the pressure and therefore the temperature of the 
initial heating steam. 

The methods employed to compress the steam ate shown in Fig. 2; 

A shows the standard quadruple evaporator as used in Hawaii in which the difference 
of temperature in the different cells is obtained by vacuum apparatus. 

B shows a motor driven vapor compressor. 

C shows a steam engine driven vapor compressor. 

D shows a steam injector using live steam to compress the vapor. 



Fig. 
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The greater the amount of- work obtained from a pound of steam, the lower the com- 
pression pressure, but this means a small temperature difference and large heating surface. 
The practical range appears to be about 7 pounds, or a temperature range of 12’ F. 

The New York division of the Honolulu Iron Works Company recently made an in- 
stallation of three large injector type compressors, also known as thermo-compressors, on 
the first cell of a quintruple effect for Los Mochis cane sugar factory in Mexico. They 
inform us that they had tests made and found the efficiency to be about as high as pos- 
sible for this type of compressor. The compressors were supplied with live steam at 100 
pounds gauge and each pound of live steam compressed 1.2 pounds of vapor from 3 pounds 
gauge pressure to 8 pounds gauge pressure thus supplying 2.2 pounds of steam to the 
calandria. These 2.2 pounds in the cabandria would evaporate about 2.2 pounds of vapor 
so that 1 pound of live steam resulted in the production of 2.2 pounds of vapor which is 
slightly better than a double effect pre-evaporator. 

Centrifugal Separators: Centrifugal separators have come into use again this season. 
They have done good work iii separating liquor from the solids in settlings. 

Settlings from ordinary settling tanks, the Petree-Dorr process, ,ot from any other 
subsider, may be separated in these centrifugals. 

They are particularly advantageous in cane sugar factories, where the mixed juice 
is strained through very fine screens and the fibrous matter removed. 

Settlings, devoid of fibrous matter, can only with difficulty be separated in filter 
presses, on account of the>r gummy, smeary nature. In centrifugal separators this con- 
dition is no hindrance. 

The separation in a centrifugal of 40*mch diameter and 24-inch deep takes place at a 
rate of flow of 25 to 30 gallons per minute, when the speed of the machine gives a centrif- 
ugal force of about 500 gravity. It is within safe limits to increase this force to 800 
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gravity and by this the capacity of the machine is increased and the clarity of the run-off 
improved. 

With centrifugals separating settlings, the aim has been for a large volume rather 
than a very clear run-off. The run-off is returned to the unclarified juice. 

The construction of the centrifugal separators has undergone some modification since 
its first introduction some twelve years ago. 

The suspended machine with independent electric, or preferably water drive, is now 
used. The revolving bowl is accurately machined inside and out. The run-off liquor is 
continuously sampled by having a small stream run over a lighted glass plate. 

A very important addition to a centrifugal separating plant is a flow regulating tank. 
This is illustrated in Fig. 3. 

The object of this tank and its fittings is to' supply each machine with a constant 
quantity of unseparated liquor (settlings). 

There are two means of regulation. The float may be raised or lowered and fastened 
in any position thereby increasing or decrojising the hydrostatic head and the flow into 
the centrifugals. Further regulation can be made by using larger or smaller nozzles 
discharging directly into each of the revolving machines. 

The tank has a conical bottom and is showai here wdth a steam jacket. It is 

essential to have the settlings hot for efficient separation. This steam jacket (or steam 
coil) gives the means to heat the settlings if required before entering the separators. 

The accumulated mud cake in the bowl is discharged with an unloader similar in con- 
struction to a sugar unloader. 

The mud cake is mixed with water to reduce it to any desired sucrose content and is 
reseparated. The amount of water required is considerably less than is required in filter 
press work because in mixing the mud, the water comes in intimate contact with every 
particle of the cake and brings about nearly perfect diffusion, while in a filter press tho 
sweetening-off water or steam is apt to channel through the cake and not come in contact 
with all sucrose containing particles. 

Another factor in favor of centrifugal separation is the comparatively short time 
required to exhaust the cake of its sucrose. The run-off is quickly returned to tho process 
of manufacture instead of becoming inverted through long exposure. 

The saving of heat, sugar from inversion, labor, filter cloth, evaporation through the 
reduced amount of sweetening-off water, etc., was reported on by Dr, E. 8. Norris and 
appears in the Eeport of the Committee on Manufacturing Machinery, page 17, in the 
H. S. P. A. Proceedings of the Forty-first Meeting. 

This report itemizes the saving in centrifugal separation over filter press w^ork under 
the numerals 2, 3, 4 and 5, and are, as far as these items lend themselves, to be expressed 
in money value as follows: 

2. The saving of 75 tons sugar a year (on a 6,600-ton crop) lost by 

fermentation in filter pressing, say 

3. The saving of $500 a year in filter cloth 

4. The saving of $600 a year on labor 

5. Less evaporation on account of smaller amount of water required for 

washing the mud in the centrifugals than for cake in the presses. .Undetermined 


Total $ 7,850 

The items 2, 3 and 4 alone show a saving of $7,850 a year on 6,600-ton crop. If one 
figures the saving on larger crops in the same proportion, one hesitates to accept the 
figures. For instance, on a 30,000-toii crop over $35,000 would be saved, and Dr. Norris 
was conservative in his figure. 

Old and Modern Settling Tanks as Used in Raw Cane Sugar Factories 

In all settlers, whether of the old style 500-gallon rectangular tank with steam 
^ipes in bottom and scum trough on top, or the modern continuous settler, the 


$ 6,750 
500 
600 
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aim is to have as complete a separation as possible of the three substances: 
scum, clear liquor and solids. 

The old style clarifier was liming tank, heater and settler combined. 

It did good work but on account of loss of heat, large space required and 
laborious hot work and sloppiness it had to make room for more economical 
devices. 

The modern juice heater was introduced in Hawaii in the early nineties, and 
settlers of various shapes appeared. Liming, heating and settling are now done 
in separate apparatus. 

Of the many settlers introduced, the Deming was perhaps the best known. 
Noel Deerr describes it (see Fig. 4) in his book of 1905, page 152, and investiga- 



Fig. 4 
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tion of its work showed it to have been superior to the then existing settlers. 
Same book, pages 152, 153, has reports by Beeson, Edson, and Geerligs. 

Figure 4 shows elements of successfully working settlers of the most modern 
type. 

This design embodies the idea of inducing the lighter impurities wax, gums 
or scums to rise to the top and flow out in the most direct and undisturbed way. 

It induces the juice with the heavier impurities to a region low in the tank so 
that these impurities, by the action of gravity, pass on to the narrow bottom and 
allow, at a very slow rate of flow, the clear juice to rise to the upper part of 
the tank where it is drawn off. 

The modern settling t^nk (Fig; 5) has all these principles, but has a number 
of cones instead of one, thereby multiplying its efficiency and capacity. Cross 
sections have been proportioned for the most advantageous juice velocities and 
the concentration of the heavier impurities in the funnel shaped, acute angled 
bottom. 

Figure 5 shows a vertical section of a modern settler for cane juice. It is 
superior in effectiveness and simplicity to most of the preceding designs. 

Its operation is as follows : Dirty juice enters the tank through pipe 8. The 
scums rise to trap 6 arid flow out through pipe 7. From the descending 
juice the heavy impurities strike baffles 9, travel down on the steep decline and in 
a concentrated state, through openings 10. The juice travels at a very low 
velocity up to the discharge pipe 14. The remaining heavier impurities have a 
chance to settle out before reaching the discharge. 

The clear juice finally flows into rending tank 17. The tank is provided with 
regulating valves from each compartment and delivery pipe for the clear juice. 

An important feature of this settling tank is the very steep slope of the cones - 
assuring the downward movement of precipitates. In the lower cones, mechani- 
cal means are employed to move and compress the heavier and more concentrated 
precipitates toward the mud discharge 3. 

As indicated in Fig. 5, the mechanism of the revolving parts is compact and 
simple. 


Unstrained Juice Pump 

At the second annual meeting of the Association of Hawaiian Sugar Tech- 
nologists, the use of an unstrained juice pump in Oahu Sugar Company’s factory 
was brought up and mentioned in the report of that session on page 104. 

Under the care of the Oahu Sugar Company’s engineering staff a new type 
of valve has been developed in this pump which has worked successfully during 
the seasons 1923-1924 and is now beyond the experimental stage. 

The object of such a pump and the persistency with which it has been brought 
to working perfection during the last two seasons were prompted by the fact 
that the juice strainer, as commonly used here and in other cane sugar countries, 
has some very objectionable features. 

Through the intimate mixture of the juice wifH air (that occurs in the 
strainer) souring is induced which causes a loss of sugar by inversion, and 
further, the .screenings containing the lowest density and lowest purity liquor 
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are dragged by the slats over the perforated brass screen from the last mill 
through the discharge of juice of higher density and purity of the preceding 
mills until it reaches the inflow of the normal juice from crusher and first mill. 

The low density and purity juice in the screenings of the last mill is dis- 
placed to a large extent by richer and purer juice and this passes through the 
mills with the bagasse blanket. 

By this the rich pure juices are contaminated and the maceration enriched. 

These two very objectionable features are, if not entirely, to a large extent 
eliminated by the use of the unstrained juice pump. W. L. McCleery, of the 
H. S. P. A., made the following statement at the Sugar Section of the Pan- 
Pacific Conference: 

In a series of tests on the increase of acidity per 100 density through both tandems 
at Oahu factory, I found considerably less increase in the mill with the unstrained juice 
pump than in the other mill equipped with the usual strainer. 

Juice Strainer and Mill Juice Tank 

Figure 6 shows the cross-section of a juice strainer and mill juice tank de- 
signed by E. W. Kopke, of Manila, that is much favored in the Philippine sugar 
factories. 

This design should prove to be useful anywhere, especially where the trou- 
blesome jelly-like Leuconostoc forms and causes loss of sucrose and obstructs 
the flow of juice. 

In Fig. 4 is a tank which extends the horizontal length of the strainer 
and serves the purpose of mill juice tank and supports the super-imposed juice 
strainer 

The strainer is of the slat-scraper type, as commonly used, but has the per- 
forated sheet brass strainer made up in removable sections or panels '‘C.” 

The tank ‘"A” is wider than the slat scraper. 

By removing the covers “D” any or all strainer panels can be removed and 
every part of the apparatus becomes accessible. 

A person may comfortably enter the tank for cleaning purposes. 

Besides the feature of accessibility, the apparatus has a system of steam 
pipes (not shown) by which the whole apparatus can be thoroughly disinfected. 

^ Lubrication 

Liihricating Ball and Washer Bearings of Sugar Centrifugals: This, due to 
two noticeable reasons, is the source of much trouble in local factories. The 
first and most important cause for bearing failures of centrifugal driers is due to 
use of the wrong kind of lubricant. An oil consisting of a medium grade of 
engine pil, with which there is blended about 15 to 20 per cent acidless 
or winter strained lard oil has been found to give best results on both types of 
sugar centrifugal bearings. 

In some cases, a medium hard grease is being used as lubricant for the ball 
bearings. However, unless bearings are completely packed with the grease, and 
grease does not creep or flow to balls and races, there is simply a groove cut 
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through the body of the grease and bearings are soon operating metal to metal, 
which, it is obvious, will quickly set up a cutting of races and scoring and chipping 
of balls. When such a condition once develops, there is no lubricant which can 
lubricate bearings, consequently the destruction of the bearings gradually in- 
creases to a point where replacement of balls and races becomes necessary. 

Since all ball bearings are surrounded by leak-proof encasements, it is clear 
that an oil would be eminently more reliable than any solid or semi-solid lubricant. 

Reference to the special item of sugar centrifugal lubrication brings to the 
writer's mind a thought regarding the question of general sugar factory lubrica- 
tion. Are there not too many different grades of oils being used ? This question 
is asked with the full knowledge that a great many members of our association, 
have for varying periods regularly used lubricants in sugar factory operation, 
and are more familiar with the subject than others of us who have accumulated 
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our opinions in this connection by observing condition of machinery which has 
either failed or its efficiency unnecessarily impaired by improper lubrication. 

Some machinery failures have, no doubt, been due to selection of improper 
grade of lubricant at time of purchase, or by oilers taking their supply from 
wrong containers. It is this thought which prompted the query: *‘Are there 
not too many different grades of oils being used?’’ 

Would it not be better to use say three grades of oil for sugar factory lubri- 
cation? Take for instance a good grade of steam cylinder oil, carrying suf- 
ficient compounding to efficiently meet the lubricating requirements in all types 
of steam cylinders operating at steam pressures between 95 and 125 pounds per 
square inch. There is sufficient compounding in this type of cylinder oil to give 
excellent roller-bearing lubrication. It could also be used in worm drives and 
in all other bearings where it is determined from practice that a heavy oil is 
required. 

Next, a medium grade of so-called high speed engine oil could be successfully 
used on all types of sleeve and ring oiled bearings. This would include bearings 
of engines, steam turbines^, dynamos, motors, centrifugal pumps, etc. These two 
grades, with the special oil .for sugar centrifugal bearings, could be made to fully 
meet all lubricating requirements of the average sugar factory and would prac- 
tically eliminate the possibility of oilers and engine tenders using the wrong oil. 

This is simply a thought expressed for the consideration of our members, and 
while it may appear to many as being somewhat radical, the writer’s experience 
from standpoint of shop observation and shop work, prompts him in submitting 
it as another step in the direction of safe and economical sugar factory operation. 

Supplementary to the foregoing, it might be well to record here the impor- 
tance of using a good and dependable grade of lubricating oil. By selecting oils 
of reputable quality rather than because of their cheapness, there will be elimi- 
nated many expensive repairs and shut-downs now directly traceable to improper 
lubrication and improper selection of lubricants. 


String Proof Boiling* 


, By F. D. Bolte 

The standard method of boiling low grades string proof in Hawaii is to boil 
the first molasses over twice, producing three grades of sugar, the second and 
third sugar being remelted or used as seed for the shipping of sugar and the 
third molasses discarded as final molasses at about 40 gravity purity. 

This has been the system used here at the Hutchinson Sugar Plantation 
Company for many years, and Table I gives our average purities, etc., for the 
last five years, 

♦ Presented nt Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
I^kiplulu, October 27, 1924. 



303 


For several months I have tried to do this low grade boiling in one stage 
only and have boiled the second niassecuite to about 94 brix, run same into our 
cooling tanks of 500 cubic feet capacity each, and after about a week pumped 
three of them to our larger storage tanks and dried this niassecuite after about 
30 days, giving the results as shown in Table II, viz: a molasses of 42.7 gravity 
purity which we have discarded as final. We have discontinued using our small 
coolers and cars with this new system as the niassecuite cools of¥ too rapidly in 
them for this high density work. 

We have thus obtained a final molasses of 42.7 gravity purity in 34 days in 
one boiling, against previously a final molasses of 42.3 gravity purity in 72 days 
in two boilings. This is a great saving in time, reduces our stock on hand con- 
siderably and gives us more centrifugal capacity, as we boil and dry our low 
grades only once against twice previously. 

Complete check analyses of our final molasses from average monthly composite 
samples made by the H. S. P. A. Experiment Station is, for the years 1923 and 
1924, as follows : 


Year 

1923 

1924 

Total Solids 

73.36 

74.10 

Gravity and ^Suspended ISolids 

82.54 

83.06 

Huerose 

34.14 

35 . 25 

Gravity Purity 

41.36 

42.44 

True Purity 

46.54 

47.57 

Glucose 

11.44 

11.59 

Ash 

10.40 

10.97 

GlucOvse/Ash Ratio 

1.10 

1.06 


The above low glucose-ash ratio very probably partly accounts for our high 
molasses purity. 

I certainly know that our molasses must be brought to a lower purity to 
make this one boiling system a success and am now continuing work in this 
direction. 

TABLE I 


Old System, Two Boilings 



II Massecuite 

II 

Molasses 


Age 



Year 

Brix 

Purity 

Brix 

Purity 

Drop 

Days 



1920 . . 

....-,..88.0 

55.1 

84.2 

42.0 

13.1 

15 



1921 . . 

88.3 

55.5 

83.0 

42,1 

13.4 

21 



1922 . . 

88.9 

52.2 

83.9 

43.6 

8.6 

17 



1923 . . 


51.6 

86.3 

42.4 

9.2 

22 



1924 . . 

90.1 

* 54.8 

87.0 

43.9 

10.9 

15 










Total 

Gravity 


III Massecuite 

III Molasses 



Drop 

Purity 

1920 . . 


43.0 

81.9 

31.0 

12.0 

92 

24.1 

40.26 

1921 . . 

92.3 

43.5 

83.1 

32.1 

11.4 

135 

23.4 

42.02 

1922 . . 

91.5 

44.0 

83.0 

35.1 

8.9 

73 

17.1 

42.49 

1923 . . 

93.5 

43.8 

82.6 

35.9 

7.9 

81 

15.7 

41.76 

1924 . . 

94.3 

44,7 

84.4 

37.3 

7.4 

57 

17.5 

42.32 
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TABLE II 

New System, One Bolling Only 


Date 

Massecuite 

Date 

Days 

Molasses 


Gravity 

Boiled 

Brix 

Purity 

Dried 

Old 

Brix 

Purity 

Drop 

Purity 

July 23 . . 

...94.1 

47.9 

Aug. 29.. 

...37 

85.2 

36.6 

11.3 

42.9 

July 26 . . 

...93.9 

51.5 

Sept. 2.. 

. . . 36 

84.0 

37.5 

14.0 

42.5 

Aug. 2 . . 

...94.0 

47.6 

Sept. 4.. 

...33 

84.7 

36.9 

10.7 

42.5 

Aug. 6 . . 

...91.7 

53.3 

Sept. 8.. 

...33 

83.0 

37.1 

16.2 

42.8 

Aug. 9 . . 

...94.3 

52.3 

Sept. 11.. 

...33 

83.0 

. 37.4 

14.9 

42.8 

Aug. 14 . . 

...94.0 

52.5 

Sept. 15,. 

...32 

85.2 

37.0 

15.5 

42.7 

Average . . 

...93.7 

50.8 


34 

84.2 

37.1 

13.7 

42.7 


Boiling House Methods* 


By B. B. Henderson 

Reports on boiling house methods have been presented to the factory men of 
these Islands for so many years that it becomes exceedingly difficult to find a 
new subject to come under this head or even a new approach to an old subject* 
As a result, reports are now largely a matter of repetitions. However, this does 
not alter the value of the intention back of these reports, which is, the exchange 
of information. And s.s long as results from different factories vary, just that 
long will the exchange of information be of value. 

The boiling house report this year is largely devoted to three subjects, Press 
Work, Low Grade Work and Comniercial Sugar Boiling. Where possible these 
subjects will be freely supplied with figures showing actual results ; the aim be- 
ing an attempt to arrive at conclusions on a basis of figures rather than opinions. 
It is hoped that the figures will have a further use as a matter of reference to 
those who contemplate changes in methods and want to know what might be 
expected under certain conditions. 


Press Work 

Pepedkeo Sugar Comi>any: I find that to get a low polarizing press cake, the presses, 
should be tight and the forming of the cake should not be at a greater pressure than 
25 pounds. Over three hours washing with waiter is unnecessary, as a further washing may 
give a low cake, but a high undetermined loss, 

Pioneer Mill Company, Ltd.: Our capacity at this station is much below standard. 
When grinding 90 tons per hour we have less than three and a half hours available for 
a complete ^ycle and less than this when grinding cane from makai fields. I think the 
reason that we are able to do good work at this station lies in the large amount of cush- 
cush in the mud and in the fact that the presses are filled at a very lo>v pressure, by 
gravity, at about 10 pounds pressure. This means that the frames are^ fillS ev6nly and 

'■"'t 

* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Hoiwlulu, October 27, 1924. 
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all parts of the cake are permeable to wash water. It is very rare here to see a cak-e that 
is not firm oi* one that has channeled. The small pressure does not mean that the presses 
are only partly filled, as they average 3.5 tons of mud per press. As our mixed juice is 
limed alkaline to phenolphthalein, no extra lime is added to the mud. 

Onomea Sugar Comiiany: Presses dressed with double cloths, outside cloth unbleached 
factory cotton. The advantages are: mud leaves the cloths clean at each emptying, no 
muddy juice can get to the evaporators and less washing of inner cloths is necessary. 

Presses filled by pump, relief valves set at 25 pounds, wash water from second cell of 
evaporator at 150® F. and 30 pounds pressure. Two presses filling at one time; starting 
one when other is half full. Washed in one and a half hours. About 2,500 gallons of 
water per press of 530 square feet area. Press discharges 2,500 pounds of mud. Wash 
water to below 1® brix. 

Average sugar in mud to date .37 j)er cent. I do not believe the sugar can be 
washed from the mud with little water. We apply water freely immediately after juice 
is shut off and endeavor to wash out rapidly. Evaporators ample to handle washings. 

The three reports given above are of particular value becuse they represent 
factories where press work is good. Onomea and Pepeekeo are among the five 
factories reporting less than 1 per cent polarization in the press cake for the 
1923 crop. At Pioneer ithe polarization was 1.33, but the press station is rated 
at about 50 per cent of required capacity. A summary of these reports together 
with certain observations on press work made by the writer are as follows : 

Presses must be tight. The water that leaks out between the frames and 
plates during washing contains very little sugar. This can amount to a sur- 
prisingly large quantity of water in some cases. It throws an additional load on 
the evaporators and adds to the length of time a press must be washed in order 
to bring the polarization down. In cases where it seems impossible to keep a 
press from excessive leaking during washing, double pressing has been sug- 
gested. Another method of handling excessive wash water leakage would be to 
separate the leakage from the wash water coming from the cocks and use the 
former for maceration at the mill. 

Pressure during filling should not be greater than 25 pounds. Good press 
work is seldom accomplished when the pressure exceeds this figure, and a lower 
pressure frequently gives good results. A gravity head giving from 10 to 15 
pounds pressure is a good arrangement. If this produces a soft cake that will 
channel too easily it can be corrected by heavier Ihning of the settlings. This 
cake will probably wash more easily than one made at a higher pressure and not 
limjed so heavily. 

Complete cycle of operation should not exceed six hours. Under average 
manufacturing conditions, where the time is longer than this, inversion is very 
apt to take place giving a low polarization of the mud and a higher undeterntined 
loss. To guard against inversion the temperature should not fall below 165° F. 
and the alkalinity not below 7.7 to 8.0 pH. 

The quantity of water in washing presses can be reduced by washing with 
fresh water during the last third of the washing cycle ; this flows to a tank from 
where it can be pumped back through a press during the first two-thirds of 
the washing cycle. 
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Low Grade Work 

Onomea Sugar Ccanpauy: Essentials are, ample pan, crystallizers and centrifugal 
capacities. Good even grain. Struck at 97.0 to 98.0 brix. Moved in crystallizers from 
8 to 10 days. Cured without diluting to avoid dissolving sugar, as every per cent dilution 
of massecuite, the resultant molasses will be increased about one per cent in purity. 

This year on account of lack of low grade centrifugal capacity, caused by larger cane 
tonnage, we have been forced to dilute second massecuite 3 or 4 per cent more than 
formerly with the corresponding rise in waste molasses purities. 

McBryde Sugax Oom|>any: Under our conditions, we believe in having a purity of 
54-55 and brix of 98-99 for our low grade; also in adding enough water, under close super- 
vision, in the crystallizers to give a brix of 96-97 for drying. 

The purity of the final molasses is determined by the brix and purity of the masse- 
cuite at time of dropping, skill in pan w^ork, time of boiling, careful crystallizer work 
and brix of massecuite- at time of drying. Any dilutant or heat will raise the purity of the 
molasses other than molasses or water in crystallizers when skilled attention is given to it. 

The purity of the low grade sugar is determined by the purity of the massecuite, 
quality and size of the grain and brix at drying. 

The factors affecting the drying of low grade massecuite, we believe are: size and 
quality of the grain, brix, purity and tempe^rature of the massecuite when drying and 
good clarification. Consistent w^ork at the pans is essential for good drying sugar; any 
jittempt to speed up a sugar that is slow drying, due to poor boiling, only results in an 
increase in the final molasses purity. The brix and purity of the massecuite have to be 
determined by the available centrifugal capacity, but the massecuite should be as near 
70° F., at the time of drying, as possible. Fine suspended matter slows up drying to a 
marked extent; since the installation of a Peck strainer here, we have noted a great 
deal of improvement in this respect. 

Hawaiian Sugar Company: There is great trouble in getting uniform grain or 
crystal; the opinions of sugar makers differ ns to which is the right way of getting low 
molasses purity. Many changes are taking place in boiling to finish and we have had 
very good results here with a purity of molasses of 52 to 54. A higher purity does not 
answer as well as a 54 purity in boiling even grain. Most of the trouble comes from 
variety of canes and situation of fields; all troubles are local. 

Pepeekeo Sugar Company: The two principal controlling factors of the gravity 
purity of the final molasses are, the skill in low grade boiling and the glucose content. 
If a good purity drop in the low grade i)an is secured the final molasses will be low, 
providing the dilution of the inassecuito is not more than 95 degrees brix before drying. 
The average drop at Pepeekeo in the low grade pan is 20 points, which gives a hot molasses 
of 33 apparent purity. We find that under the same conditions, a molasses of higher 
glucose content will produce a lower gravity purity than one of a lower content. 

At Pepeekeo the purity of low grade sugar and its ease of drying depends on four 
factors, namely, purity of massecuite, size of grain, clarification and the presence or 
absence of false grain, A massecuite of 54 purity will dry much better than one of 50 
purity and still give a low molasses with a higher purity sugar. A large grain dries 
better and with proper boiling a good drop can be obtained. Good clarification gives a 
freer drying massecuite, one that is not too sticky. is my opinion that the presence 
of false grain is the main factor in drying of the low grade. 

Pioneer Mill Company: In my opinion the factors necessary to reduce the purity of 
the waste molasses, in order of their importance, are: 

1. That the massecuite should be boiled as stiff as it is possible to handle subse- 
quently. 

2. That it should be free from grain .1 mm. or less. 

a. That the grain should be even and of average size (.3 to .4 mm.). 
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In low grade masseciiite there are two results to be desired : low molasses and 
higher sugar. While the low grade equipment available is usually the deciding 
factor on the method of procedure to obtain these results, there are certain other 
influencing factors the importance of which has not been agreed upon. 

The brix purity of the masseciiite, and the days in the crystallizers are some 
of the factors which decidedly influence the purity of the final molasses. Just 
how much they influence the purity, within certain limits, is difficult to state. A 
consideration of the analysis of a small number of strikes is apt to be misleading, 
but if a large number are under consideration, general conclusions might be 
attempted. 

The following figures have been compiled from the laboratory records of the 
past four years< at the Lihue factory to see if such data can throw any light on 
the subject in question. Over 1,000 strikes are included, representing the analysis 
of more than 400 samples: 



Massecuite 

Molasses 

Days ill 


Brix 

Purity 

Brix 

Purity 

Crystallizers 

1921 

98.1 

51.5 

91.7 

31.4 

11 

19213 

98.7 

52.7 

92.6 

31.4 

13 

1923 

97.5 

51.4 

93.6 

29.3 

11 

1924 

97.0 

53.4 

92.8 

29.4 

12 


During 1921 and 1922 the only thing that limited the brix of the masseciiite 
at striking was the difficulty in getting it out of the pan and into the crystallizers. 
Individual strikes were frequently over 100 brix ; time required for discharging 
the pan was between one and two hours. After about four days lin the 
crystallizers water was added each day until the masseciiite was sent to the 
mixers. 

The brix at the time of striking was considerably reduced during the 1923 
and 1924 crops. Certain operations in low grade work were facilitated by this 
change and the final molasses was not higher than it was previously. That it was 
actually lower is, of course, not attributed to the lower brix but for other 
reasons that will be discussed later. 

From these figures it seems fair to assume that nothing is gained by boiling 
low grade masseciiite to a higher density than it can be handled in the centrifugals. 
However, the usual factory practice is to boil to a slightly higher brix than can 
be dried, and water is afterwards added in the crystallizers or a mingler. This 
is done as a precautionary measure to avoid the possibility of striking at too 
low a brix, and because if any unforeseen event permits longer time in drying, 
the benefit of a higher brix will be obtained. 

In regard to the final molasses in 1923 and 1924, which was lower than in 
the two previous years in spite of a lower striking brix, your attention is directed 
to the figures for 1921 and 1923. During these two years the masseciiite stayed 
in the crystallizers the same number of days, the masseciiite purities were prac- 
tically the same but the purity of the final molasses was lower in the later year. 
The reason for this is very apparent in the brixes of the molasses, which should 
be an indication of the drying brix of the masseciiite since there was no dilution 
of the molasses before sampling. That the drying density of the massecuite is- 
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one of the deciding factors on the purity of the final molasses is a fact too well 
established to need discussion here. 

A further study of the Lihue figures in hopes of determining the effect of 
the massecuite purity on molasses purity seems futile. The figures for 1924 in 
particular upset preconceived ideas on the subject. One would naturally expect 
the purity of the molasses to increase as the purity of the massecuite increases, 
but it did not do so here, even in spite of a tower drying density. A comparison 
of the four years is quite like comparing one strike with another. It is only 
necessary to look at the low grade massecuite records of the average factory to 
see massecuites of the same density, but differing in purity by several points, 
yet yielding the same final molasses. This leads one to the conclusion that there 
are other factors of ey|fi more imii)ortance than the purity of the massecuite that 
determine the puriM^f the final molasses. 

The following tafnilation for the 1924 crop was made in order to see if any 
effect on the purity of the molasses could be accounted for by the number of days 
the massecuite stayed in the crystallizers : 


Days in Massecuite Molasses 

Crystallizers v Brix Purity Brix Purity 

Under 10 ! 97.0 53.3 93.0 29.3 

11 to 15 96.9 .53.4 92.5 29.4 

Over 15 97.4 53.3 93.6 29.4 


As far as the purity of the final molasses is concerned, apparently no advan- 
tage is gained in the crystallizers after ten days. Reports based on laboratory 
separation of the sugar and molasses have shown that there is a continued drop 
after ten days, but it is so small per unit of time in comparison with the first 
ten days that in order to get the advantage of it the crystallizer capacity would 
have to be increased beyond what is practical in manufacture. 

The purity of the low grade sugar depends on how completely a separation of 
the sugar and molasses is accomplished in the centrifugals. In other words, the 
purity of the remelt depends on the drying qualities of the massecuite. Speaking 
in terms of actual factory operations, what is usually meant when a strike is con- 
sidered ''good” is that it can be dried and the better it dries the higher the melt. 

It is now generally agreed upon that grain less than .1 mm. long is one of the 
chief causes of difficulties in drying low grades. Opinions differ as to whether 
irregular grain longer than .1 mm. can cause poor drying, but as a rule an even 
grain seems to be desired., If "even” grain is intended to mean that all grain is 
of the same length then the writer does not believe that, as far as grain is con- 
cerned, an even grain is essential. Strikes containing grain all of .2 mm. in 
length will not dry as easily as strikes of irregular grain ranging fromi .2 mm. 
upward ; the range being limited to that length which is usually found in low grade 
strikes. 

There is no doubt that the grain is a contributing factor to the drying quali- 
ties of low grade, but, it is not the only factor ; otherwise, the difficulties in drying 
could be overcome in the pan work. Rather than blame the drying on the grain 
it seems possible that the grain might be an indication of either of two things 
ot, of them both. First, it might indicate the presence of constituents in ' the 
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molasses which are causing the trouble. Second, the grain might indicate how 
successfully the pan work has been done in spite of these constituents. 

Obviously, entirely too much poor work in sugar factories is blamed on the 
juice or the cane or variousi other causes, but it seems evident: that the juice on 
different plantations does work differently. A. Fries reported to this Association 
in 1920 that he noticed a very marked difference in results between Lahaina and 
Makaweli. He said : 


In respect to the crystallizer strikes, I have noticed a very important difference in 
the massecuite here at Makaweli and that at Lahaina. Although boiled under the same 
conditions and of syrup of similar purity, the massecuite is, on the whole, far freer and 
less viscous than that at Lahaina. We are able to purge the low grades in less time, 
getting a higher purity melt and a final molasses from two to three points lower in purity. 
Others have observed that while it is possible to do very good work in one factory, the 
same sugar boiler will find it impossible to get equal results at some other factory, though 
the equipment and conditions are alike. This is due to the peculiar quality of the juices. 
Probably the nature of the impurities if better understood would give a more satisfactory 
explanation. 

The writer havS had a similar experience in comparing I nhue with several other 
places, but particularly with Lahaina. On my arrival at L,ihue certain changes 
were made in the boiling house to accommodate the accumulation of low grade 
sugar that would result from Sunday drying, it being anticipated that this sugar 
would be loaded with molasses and could be best kept on a concrete floor with 
retaining walls to keej) it from spreading. The results were quite to the con- 
trary. The low grade dried so thoroughly that it could be kept in bags without 
much discoloration of the bags. After certain changes in methods were inaugu- 
rated to conform with usual practices the purity of the final molasses was very 
much reduced. Evidently some constituents or qualities of the juice are responsi- 
ble for the ease with which the low grades work. 

I’an men attribute difficulties in boiling low grade to the molasses being 
‘'sticky.'’ The same reason is given for difficulties in drying, when the grain is 
not at fault. The effect of viscosity may not be noticeable on plantations where 
conditions regarding elevation, variety, time elapsing between harvesting and 
grinding and other conditions are fairly constant, but. on plantations where ex- 
tremes are met, difference in viscosity and resultant difficulties in low grade work 
are noted. 

High viscosity is particularly noticeable in molasses from cane that is ground 
a long time after burning, as might result from an accidental cane fire. It differs 
with different varieties, elevations and soil conditions. It is not dependent on 
purity, meaning that a cane giving a high purity juice will not necessarily give a 
molasses of low viscosity and a 50 purity molassesds not always more viscous than 
a 55 purity. As far as Lihue is concerned, viscosity and its resulting difficulties 
in working low grades does not depend on clarification. Here the turbidity of the 
clarified juice on 3-hour composite samples for the last three months of the year 
averaged 1.7 cm. and yet the low grades work easily and the results are satis- 
factory. 
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Reference has been made to the literature on sugar that is accessible to the 
writer on the subject of viscosity. Geerligs says: 'It is therefore desirable from 
a manufacturer’s point of view that the molasses be as little viscous as possible in 
order to enable it to be easily separated from the crystals without much washing 
in the centrifugals/’ 

Deerr: " accordingly viscosity can only be of influence in 

determining the time taken for complete crystallization. Technically this in- 
fluence is not unimportant, and is particularly noticeable in the comparison of the 
rapidity of crystallization in refineries and in raw sugar houses, material of equal 
purities (but without the 'gums’ removed by char filtration) crystallizing much 
more rapidly in the refinery than in the raw sugar house/’ 

Claassen : "The viscosity of syrups or molasses is decidedy a hindrance to 
rapid graining.” 

It is observed that these writers agree that viscosity has an objectionable eflfect 
on boiling and drying. The causes of viscosity are thoroughly discussed by Geer- 
ligs, but they are irrelevant at this time, it being more to the point to initiate a 
study of effects based on actual viscosity determinations. To date it has seemed 
impossible to get a means of , successfully measuring the viscosity of undiluted 
high density sugar house products. The writer attempted this a few years ago 
by means of timing the fall of a steel ball through a column of molasses. Con- 
cordant results could not be obtained. It is understood that the H. S. P. A. Ex- 
periment Station has now developed a viscosimeter. When the viscosity of the 
molasses is accurately determined it is highly probable that it will give considerable 
light on difficulties encountered in low grade work. 

In the consideration of low grade the writer feels that it resolves itself into the 
understanding of certain fundamental facts, the application of which is limited 
by equipment available under manufacturing conditions. 

In order to extract the sugar that is in the molasses, crystallization is resorted 
to. The greater the surface of the crystals exposed to the sugar solution the 
greater will be the opportunity for the sugar to crystallize out of solution. The 
smaller the crystals per given weight the greater will be the surface, but as the 
size of the crystals decreases the difficulties in drying increase. Hence the limit- 
ing factor here is the centrifugal capacity. 

The lower the water content of the massecuite the more sugar has crystallized 
out. Crystallization increases with density, but the difficulties in drying also in- 
crease with density, making the centrifugal again the limiting factor. 

The lower the purity of the material in the pan the greater will be the difficulty 
in getting grain and making it grow. The longer the time for this operation the 
greater will be the opportunity of getting the desired results. Consequently, the 
limiting factors here are purity, pan capacity and skill. 

Crystallization in the pan is accomplished by the reduction bf water, and in 
the crystallizers by the reduction of temperature. It would then seem that when 
all other conditions remain the same, the amount of crystallization that can 
take place in the crystallizer is limited, but it is not limited-dn the pan. 

The purity of the remelt indicates how completely the drying has been accom- 
plished and how much of the waste molasses is taken back into process. The 
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available centrifugal capacity determined this and the practical limit to the 
molasses taken back will depend on the capacity for handling both low and high 
grade products. 

The non-sugars present in low grades add to the difficulties in crystallization 
and separation. It is possible that their effect can be measured in terms of vis- 
cosity. Investigation along this line should be inaugurated. 

Commercial Sugar Boiling 

Letters sent out requesting data to come under this head asked for informa- 
tion relative to the advantages or disadvantages of the Pioneer system of sugar 
boiling in comparison with other systems. The impression conveyed by the 
replies is that the number of factories that are changing over to the Pioneer 
system is increasing and satisfactory results are following. 

The demand for a high polarizing sugar is one of the reasons for the increas- 
ing popularity of the Pioneer .system. It is doubtful if any factory attempts to 
get a high commercial sugar and a molasses low enough for low grade by 'main- 
taining all the high strikes at a fixed purity. Those not using the Pioneer sys- 
tem evidently do boil commercial sugar strikes of different purities, but not by 
returning all or none of the molasses as is usually done in the Pioneer system. 

This brings up the fact that there is one variation to this system that some- 
times comes up for discussion. The Pioneer system can be liriefly described as 
the system of taking back all of the molasses from the preceding strike until the 
molasses has reached a purity low enough for the crystallizer strikes. Starting 
with a syrup purity of 84, the B molasses will be between 50 and 55. If 55 has 
been set as the arbitrary limit for crystallizer strikes what should be done if the 
B molasses is 56? If all of the B molasses is taken back into a C strike, the 
resulting massecuite will be below 70; if only half is taken back the C massecuite 
will have a purity higher than the B massecuite. An answer to the question 
depends to a great extent on capacities. If there is ample pan and centrifugal 
capacity a C strike should be made. Where these capacities are limited and 
there are enough molasses tanks to resen^e some exclusively for B molasses, it 
will be easier to boil the C strike to a fixed purity, using only a part of the B 
molasses, necessitating that the remainder be held over for some future strike. 

However, it must be remembered that if the latter procedure is followed it 
introduces certain complications into the control of the boiling, which the Pioneer 
system aims to avoid. The simplicity of control in a boiling system should not 
be underestimated, particularly in a factory lacking in adequate supervision, as 
may be the case in smaller factories during the night shift. With the Pioneer 
system, a brief examination of the pan records or an inspection of the pan floor 
will immediately tell if the boiling instructions have been and are being correctly 
carried out. This is but one of the advantages in strictly adhering to the Pioneer 
method. Where capacities permit, all or none of the molasses should be returned 
to the high grade strikes. 
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Kiitclkinson Sugar Plantation Cconpany: We have been using the Pioneer system here 
for the last 14 weelts ahd find it a great improvement over our old method of returning 
molasses to all our No. 1 strikes without any given definite system or routine. The enclosed 
table of averages purities and polarization will give the best information available. We 
certainly shall continue using the Pioneer system here in the future: 

A B 0 


MC. Mol. Sug. MC. Mol. Bug. MC. Mol. Bug. 

May . 80.4 61.8 97.6 75.9 56.7 97.1 73.1 54.1 96.9 

June 83.3 .64.2 97.9 77.5 57.7 97.0 72.9 53.6 96. S 

July 79.3 60.1 97.5 76.0 56.1 97.3 72.2 53.6 97.1 


Onomaa Sugar Company: We changed to the Pioneer system at the beginning of 1921. 
Previously we endeavored to make uniform strikes of 78 to 80 purity, giving sugar of 
96.0 to 96.5, polarization and molasses of 50 to 55 purity, starting every week witli 
fresh molasses. This meant extensive reboiling of molasses. The demand of the refineries 
for a higher polarizing sugar than wp were then able to make and the desire to keep our 
molasses purity down, caused us to adopt the above method, which is still in use at this 
factory. 

Some of the advantages are, a higher polarizing sugar without increasing the 
purity of the molasses for crystallizer strikes, no repeated boiling of molasses and only 
one strike of molasses on hand at one time. 

Average to date: 

Massecuite Molasses Sugar 

Purity Purity Pol. 


A 85.5 67.1 98.42 

B 78.5 57.1 97.08 

C 75.0 52.0 96.63 


Average polarization to date of all strikes 97.48 

McBryde Sugar Company: We believe the Pioneer system of sugar boiling to be a very 
satisfactory method on account of its flexibility and systematic elimination of molasses, 
resulting in a better color and filtrability of No. 1 sugar and easier working low grade. 
The drop in purity from massecuite to molasses in our high grade strikes is from 20 to 24 
points. 

Hamakua Mill Company: I use the one-six method, that is, one straight syrup strike 
to five mixed strikes. Below is a tabulation of one week^s pan work consisting of 39 
strikes of commercial sugar, 6% cycles of 6 strikes each, average purity 76.60, molasses 
purity 53.58. Out of these 6 cycles, I boiled 9 No. 2 strikes averaging 49.45 purity. 


Purity Purity Points 

Massecuite Molasses Drop 

A 86.78 68.77 18.01 

B 78.35 54.27 24.08 

C 76.85 50.38 26,47 

D 74.58 50.15 24.43 

E 74.12 49.98 24.14 

P 73.18 49.53 23.65 


I know of no reason why we should have a large drop this year over last year except 
for the Petree Process. We have a cleaner syrup, otherwise our juices have been prac- 
tically the same. The massecuite is dried hot. 

Walmanalo Sugar Company: In using the Pioneer system^l boil a D strike if the 
C molasses is over 54 purity, otherwise the C molasses is boiled for crystallizers. 
Aveirage for two weeks: 
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A 

Sugar 

Polarization 

Mdssecuite 

Purity 

Molasses 

Purity 

No, 

of Strikes 

Ba nge 

Average 

97.1-98.4 

97.7 

82.2-86.5 

84.0 

61.5-68.5 

64.8 

9 

B 

Range 

Average . . . . . . 

96.5-97.2 

96.7 

73.2-78.3 

75.0 

50.8-57.4 

53.8 

9 

C 

Range 

Average 

96.6-96.7 

96.1 

72.7-74.9 

74.0 

51.3-54.6 

53.0 

4 

D 

Average 

95.2 

73.3 

50.0 

1 


Hayraii&n Sugar Company: The boiling at the Hawaiian Sugar Company’s factory 
consists! usually of four strikes of about 38 tons of sugar per strike. The i)rocedure we 
follow is to start a strike of 3 tons of seed of about 82 purity and after the pan is filled 
up w’ith syrup to cut half over into another pan. The strike is completed with synip of 
87 purity and gives a 97.5 sugar wdth .5 per cent moisture and 72 j)urity molasses. The 
next strike is made from the other half of the cut and the molasses from the first strike. 
This will give a 97 sugar with .6 per cent moisture and a molasses between t>2 and 64 
purity. 

The seed pan is again started up in the manner previously described and the first 
cut is finished with the molasses from the second strike. The resulting Jiiolasses is 58 
juirity and the sugar 97.0 polarization. The other half of the cut is finished with 58 
molasses and gives a 96.8 sugar and a molasses of betw’cen 52 and 54 purity. This molasses 
is boiled for crystallizer strikes. 

Pep^ekeo Sugar Company: We are making a 97.5 polarization sugar by boiling a 
straight syrup strike every third pan. This massecuite has an 86 purity, giving a 
98.3 sugar and 60 to 62 purity molasses. This is all returned, resulting in a massecuite of 
77 purity, a sugar of 97 jjolarization. and a molasses of 51 to 54 purity, of which a part 
is used in the third strike which gives a massecuite of 75, a 97.3 sugar and a molasses of 
50 to 52 ])urity, all of wdiich is used in boiling the low^ grade. As high a polarization sugar 
is made as the capacity of the low' grade j)an and machines wdll 2 >ermit, without excessive 
sucrose loss iii the final molasses. 

Pioneer Mill Company: The Pioneer system has been used here for many years. Its 
chief advantages are in its flexibility and in the ‘‘cleaning the house” of molasses every 
third strike. Its chief disadvantages are that it requires three sets of molasses tanks, 
each holding the molasses from one strike or more, and that the mixer be completely 
emptied between strikes. Neither of these, however, will apply here, as w'e have eight 
molasses storage tanks on the pan floor and three more on the ground floor and our mixer 
is too small to hold more than one strike. We have storage capacity for 1,184 cubic feet 
of “A,” 1,239 cubic feet of “B, ” 1,421 cubic feet of “C” molasses, besides 410 cubic 
feet below" the centrifugals. In 1923, the molasses from the different grades averaged 
35 tons for ‘‘A,” 38 tons for ‘‘B” and 40 tons for “C. ” 

The flexibility of this system was very evident this season when we desired to raise 
the polarization of our shipping sugar. Last crop, our sugar polarized 97.37 at the refinery. 
So far we have received returns on 26,000 tons which have polarized 98.22 at the refinery 
(including sweepings, etc.). This gain of .85 wag very simply accomplished by using a 
little more water at the centrifugals. The effect of this on the method of boiling was as 
follow.s: Tlie amount of seed was reduced by one-third to counteract the effect of the wash 
water and to reduce the “total small” grain. The drop in purity from massecuite to' 
molasses was reduced by 1 per cent, which increased the number of “C” strikes. In 
1923, we boiled 68.56 strikes per 400 “B” strikes, while in 1924 there were 


4 
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89.54 per 100 strikes. Part of this increase, however, was due to the higher 

syrup purity, with the consequently higher purity of the strikes and to the mana- 

facture of considerably more ‘'store sugar. The average time of drying all three 
grades of sugar was reduced by almost half an hour. The following tables show the 
apparent purity (dry lead method) of the massecuite and molasses, the percentage of the 
three grades and the composition of the strikes. Strikes of store sugar are included with 
the strikes: 



Syrup 


Massecuite 



Molasses 



Purity 

A 

B 

C 

D 


A B 

C 

I) 

1922 

85.49 

84.3 

76.9 

73.9 

73.5 


65.9 58.4 

55.6 

55.3 

1923 

.......86.16 

85,2 

77.2 

74.4 

70.6 


65.3 56.1 

53.4 

50.5 

1924 

86.87 

85.76 78.7 

74.4 

.... 


67.4 58.4 

54.6 

.... 



Number 

of Strikes 



Per Cent 



A 

B 

C 

I) 


A 

B 

C 

D 

1923 

.’ . 336 

334 

229 

1 


37.3 

37.1 

25.5 

0.1 

1924 

393 

392 

351 

0 


.34.6 

34.5 

30.9 

0.0 


AVERAGE COMPOSITION OF STRIKES 
(“Tons^^ by measurement) 

1923 1924 


Syrup Remelt Molas. Seed. Mass. Byrap Remelt Molas. Seed. Mass. 

First cut 47.2 6.56 48.0 4.33 

Second cut 6.5 21.8 7.1 21.4 

“A'' 50.7 11.4 23.9 47.9 13.3 24.3 

16.6 4.2 34.9 .... 23.6 19.9 3.8 35.2 .... 23.8 

“C 15.6 4.4 34.4 .... 23.9 19.9 4.1 35.8 .... 23.7 

Per cent Strikes Containing Remelt Average Cu. Ft. Reinelt Used 
A B C A B C 

1923 84.36 72.24 70.22 12.14 5.77 6.25 

1924 95.40 77.81 82,39 13.96 4.84 4.94 


Miscellaneous 

Double Purging: One of the aims in the recent changes in boiling in the 
Islands is to limit reboiling. With the Pioneer system the only possibility of 
extensive reboiling is the return to the process of molasses with the low grade 
sugar. Any other product that is returned, is a solution of sugar, but in the 
case of low grade sugar it /is a mixture of sugar crystals and waste molasses. 

In order to calculate the quantity of material that is returned, a low grade 
massecuite of 52.63 purity was assumed to be a mixture of 25.25 parts of sugar 
crystals of 100 per cent sucrose and 74.75 parts of waste molasses of 35.48 
gravity purity. It will be noted in the accompanying graph that the quantity of 
waste molasses returned to the process is approximately inversely proportional to 
the purity of the low grade sugar. 

An 80 purity low grade sugar is probably above the average of low grade 
purities reported this year, and yet it means that 16 per cent of the waste molasses 
is teamed to the commercial .sugar strikes. When the purity is 70, the molasses 
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returned is 32 pver cent, which, in the case of Lihue, would be equivalent to say- 
ing that every fifth crystallizer strike is due to returned waste molasses. 

Walter E. Smith, in his work on the filtrability of raw sugar, concludes 
that filtration difficulties are due principally to finely divided non-settling matter. 
On a special investigation trip to Kauai he found that Lihue was making a raw 
sugar of high filtration rate from .syrup of low filtration rate. This was con- 
trary to what he had found at other factories and he attributes this condition 
at Lihue to be due to the comparatively low quantity of waste molasses that is 
returned to the process with the low grade sugar. This is compatible with his 
former findings that low filtrability is due to non-settling matter and as he points 
out the ^‘molasses represents the greatest concentration of this non-settling matter.” 
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At the suggestion of Mr. Smith some of the factories have started double 
purging of the low grades in order to get a higher remelt. The scheme consists 
of making a magma of low grade sugar with water. This magma is then dried, 
giving a remelt considerably higher than the original low grade sugar and a 
molasses that is about the right purity to be boiled for crystallizer strike. It is 
to be noted that the waste molasses is kept out of the commercial sugar strikes, 
which shoul4 attribute to a higher filtration rate of the raw sugar, but it is 
returned to the crystallizer strikes as formerly. 

The writer has not been able to get much data covering actual results of 
double purging or information on the changes and extra equipment necessary. 
Toward the end of the present crop Waimanalo double purged the low grade and 
it is understood that from a low grade magma of 72 to 75 purity they were able 
to obtain a double purged sugar of from 85 to 87 purity and a run of between 
48 and 50 purity. Later the magma was reduced to 68 to 73 purity, which on the 
second purging gave an 86 to 90 purity low grade sugar and a run of between 
46 and 50 purity. 

Liming: Equipment that will permit an easy means of keeping the limed 
juice at a uniform reaction, is the exception rather than the rule in our sugar 
factories. The most common arrangement is to dump the raw juice from the 
“scales into a large receiving tank where milk of lime is added at the same time 
as the juice. Mechanical stirrers of compressed air are used to attempt a good 
mixture, the reaction being regulated by testing the limed juice from a sample 
pipe that is tapped into the pipe line leading to the heaters. 

The arrangement is usually not satisfactory. It is difficult to get a good 
mixture of a few buckets of lime milk with one to two thousand gallons of 
juice, especially when the limed juice is constantly being drawn off. The Waipahu 
liming device has expedited the problem by introducing a constant small stream 
of milk of lime into the raw juice just before it enters the limed juice pump. 
The Makee Sugar Company handles it in a satisfactory manner by weighing on 
a small scale enough slaked lime for one scale tank of juice. Water is added 
to this lime to make a milk which is put into the scale tank before the juice is 
turned in. Compressed air blown up in the receiving tank under the scales fur- 
ther assures a good mixture. 

Both of these methods give good results when only mill juice goes into the 
receiving tank, but when the press juice has a different reaction to the clarified 
juice it must also go into tjie receiving tank. Under actual working conditions 
this means that just before a scale tank is dumped the juice that is being drawn 
from the receiving tank is press juice, resulting in an uneven reaction of the 
juice going to the heaters. The writer understands that at Wailuku a small tank 
to hold the press juice has been installed alongside of the juice scales. The 
press juice is allowed to accumulate in this tank and it is emptied into the 
receiving tank when every scale tank is dumped. 

Lihue has solved the problem by welding a small cylindrical tank to the 
pipe that leads from the receiving tank to the intake of the jutce pump. The 
tank is made from a section of a 10-inch pipe and is open at the top. The press 
juipe is pumped into the tank and joins with the limed juice at a constant rate. 
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This has made it possible to carry a more uniform reaction in the limed juice. 
The writer believes that where there is sufficient gravity head from the presses 
to this pump the tank can be dispensed with. All that will be necessary will be 
a pipe line from the presses joining the limed juice line near the intake of the 
juice pump. 

In conclusion, the writer wishes to acknowledge the receipt of data relative 
to this report from G. F. Murray, Hamakua Mill Company; J. H. Pratt, Pioneer 
Mill Company; Wm. Schneider, Waimanalo Sugar Company; A. B. Melancon, 
McBryde Sugar Company, Limited ; H. D. Beveridge, Onomea Sugar Com- 
pany; F. D. Bolte, Hutchinson Sugar Plantation Company; Wm. Ebeling, Ha- 
waiian Sugar Company; Norman King, Koloa Sugar Company, and the Sugar 
Technologists of the H. S. P. A. Experiment Station. 


Centrifugal Pumps ^ 


By Wm. H. Getz 

Rotary or wheel pumps are among the earliest types of pumping machinery 
known. They were o|x?rated by hand or by slow moving animals, or perhaps, 
by the current of a stream or river and, consequently, their speed of rotation 
was very low. No attempt, therefore, could be made to utilize the centrifugal 
effect of this rotation and in the primitive forms they served merely as lifting 
devices for buckets or troughs, the elevation to which the water could be raised 
being limited by the height of the wheel. These earlier forms cannot, therefore, 
be classified as centrifugal pumps, although they possibly suggested the use of 
this tyjje. 

On first acquaintance a centrifugal pump seems to be rather erratic in its 
performance. It does not appear to follow any particular laws, and in many 
cases its action is exactl}* contrary to the well known laws governing other types 
of pumps. Size and capacity seem only remotely related. A 10" pump may 
deliver two million gallons or six million, or we may find small pumps with 
capacities much greater than big ones. 

In cases where a definite amount of water is to be pumped, we note that the 
higher the' head the smaller the pump required. Also, we find that when we 
lower the head on a centrifugal pump in operation, we increase the ix)wer needed 
to drive it. Then again, there seems to be little, if any, connection between the 
size of the pump and the size of the suction and discharge piping. 

Paradoxical as these facts seem to be, they are, however, easily understood 
when we know the laws governing this type of pump which are just as definite 
as those relating to any other type of machinery. The centrifugal pump is a 
machine which depends primarily for its operation on the development of velocity. 

•Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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It IS governed by two simple laws — first, that the head varies as the square of 
the s{)eed, and second, that the capacity varies directly as the speed. The 
velocity of the water leaving an impeller is approximately the same as the 
velocity of the rim of the impeller, and must be about eight times the square root 
of the head pumped against, or about equal to the velocity that water would 
attain in falling from the height to which it is being raised. 

Theoretically, a centrifugal pump imparts a sufficiently high velocity to a liquid 
to carry it to the necessary height. In reality, a transformation from velocity 
to pressure takes place in the pump so that the liquid in leaving has a velocity 
only sufficient to carry the desired quantity of water through the discharge line. 
Should the discharge valve be closed, all the velocity will be converted into 
pressure. 

The peripheral velocity of the impeller of a centrifugal pump has, therefore, 
a very definite relation to the head against which the pump must operate. High 
heads or pressures of necessity mean high peripheral speeds in order that the 
velocity attained by the water in the pump may be sufficient to produce the neces- 
sary kinetic and pressure heads. High peripheral velocity can be produced either 
by a large diameter runner operating at slow speed or a small impeller operating 
at high speed. 

Previous to the development of the steam turbine, centrifugal pumps for high 
head were almost necessarily motor driven, as the only prime mover available 
for driving them was the slow speed steam engine, which required impellers of 
such large diameter that they were difficult to manufacture, especially for small 
capacities. Large sizes also greatly increased the weight, thus tending to offset 
two of the big advantages of this type, namely, low cost and small space occupied. 
With the introduction of the steam turbine, operated at extremely high speeds 
the problem of direct connection to centrifugal pumps was reversed, it being now 
necessary, except for very high heads, to use reducing gears to bring the speed 
within the limits of pump design. The lower limits for the diameter of a centrif- 
ugal pump impeller are fixed by the fact that it must be enough larger than 
the suction inlet or eye to provide the necessary space for the vanes. 

A very large percentage of the centrifugal pumps which are installed is 
motor-driven, and fortunately, the range of speeds obtainable is very well suited 
to most conditions. However, since no economical method of speed variation is 
available, it is desirable that the pump specifications be as near to the actual 
operating conditions as possible. 

Although a centrifugal pump once built and installed has only small flexi- 
bility unless speed variations are possible, there is, however, quite a little latitude 
in design possible, so that the pump may be adapted to take unavoidable fluctua- 
tions to the best advantage. 

Varying the blade angles of the impeller causes a considerable change in 
the characteristic curves. The most advanced builders provide as many as four 
distinct types of runner, from which the one best suited to conditions in each 
case may be selected. We are giving three charts illustxating this feature. In 
each case the pump is designed for the same normal conditions, namely, 2,000 
g. p. m. against 70-foot head. 
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Fig. 2 
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Fig. 1 shows a pump having a very steep head-capacity curve. Large 
changes in head produce relatively small changes in capacity. This type would 
be suitable for use with a barometric condenser where the head is greatly reduced 
after the vacuum has been produced. The horse power curve is of the falling 
type, being a maximum under normal conditions. 

Fig. 2 shows a pump having a very flat characteristic curve. This pump 
would be well adapted to maintaining a nearly constant pressure in a city’s water 
mains, when the demand varies greatly. The low shut-off pressure would also 
serve as a protection against high pressures in the pipes at very low capacities. 
The horse power curve in this case is of the rising type. It is evident that had 
the normal rating of this pump been, say, 1,400 gallons per minute against 80-foot 
head, the maximum horse power required would be more than 25 per cent above 
that required for rated conditions. 

For ordinary uses runners are usually furnished with characteristics between 
the extremes shown above, as illustrated in Fig. 3. 

Since it is evident that the design of the impeller affects the horse power 
required under other than normal conditions, the motor furnished with a pump 
should in all cases be large enough to care for any possible conditions of opera- 
tion. For this reason a falling horse power curve is desirable to limit the excess 
motor horse power required to take care of these unusual conditions. The best 
form of horse power curve is one which is a maximum for normal conditions 
and falls for either higher or lower heads. A centrifugal pump usually requires 
40 per cent or less of normal power when the capacity is zero, and for this reason 
it is advisable to start the pump with the discharge valve closed. When this is 
not practicable, large motors should be of the wound rotor type. 

As an illustration of the thoroughness with which some manufacturers have 
studied their product to permit of predicting with great accuracy the performance 
of a pump prior to its actual test, we are reproducing in Fig. 4 a so-called oak 
tree curve, showing the characteristics of a 10" type “S” pump running at 
1,160 r. p. m. These curves are made from actual tests as follows : The pump 
is first fitted with a maximum sized runner, in this case 17^^" diameter, and a 
series of tests is run at different heads, giving the data for the upper curve. For 
each test, the efficiency is noted on the curve. The runner is now turned down 
to a somewhat smaller diameter and new tests run giving the data for the next 
curve. This is continued until the runner has been reduced to a minimum size. 
Points of equal efficiency in the different test curves are now connected giving 
the peculiar appearance from which these curves derive their name. This opera- 
tion must then be repeated to obtain similar curves for all other standard speeds. 

Practically, these curves are of value as follows: Suppose it is desired 
to know the performance of this particular pump for a capacity of 3,000 gal- 
lons per minute against a head of 90 feet. Taking the intersection of these two 
values, we find that the efficiency would be at least 80 per cent. A curve drawn 
through this intersection parallel to the adjacent curves, gives the characteristic 
‘"head-capacity” curve for the pump. Using the efficiencies shown for a number 
of points will give the Brake Horsepower curve, and we now have complete char- 
acteristic curves for this pump when designed for the normal conditions assumed 













322 


above. The Brake Horsepower calculated for the point where the curve crosses 
the dotted line is the maximum value and indicates the greatest load which the 
pump can put on the motor under any conditions. 

As variable speeds are not usually available on installations of motor-driven 
centrifugal pumps, the capacity can only be regulated by throttling either the 
suction or discharge connections. Partially closing either the suction or discharge 
valves increases the bead and reduces the capacity in accordance with the char- 
acteristic curves. For pumps with a suction lift the total head change obtainable 
by throttling the suction is small. It is, therefore, better to do the necessary 
regulating on the discharge side. 

The most progressive builders design and manufacture their pumps so that 
in each case they may be arranged to fit the exact conditions under which they 
may operate, to the best advantage. To accomplish this, the impellers are all 
cast to maximum size. On receipt of definite information as to operating con- 
ditions, the impeller is turned down to the exact size required, thus giving a 
choice of an almost unlimited number of runner sizes. This practice results in 
the highest possible efficiencies being obtained in each case. The charges against 
a centrifugal pump installation consist of a small amount for fixed charges and 
a relatively large amount for current. For this reason, high efficiencies have a 
greater effect on total costs than for other types when fixed charges are propor- 
tionally a much greater part of the total. It frequently happens that a few per 
cent better efficiency will easily justify a considerable difference in price. 

Motor-driven centrifugal pumps except in very large sizes are usually shipped 
completely assembled on their common base plates. Although it is a com- 
paratively simple matter to install them, it is very important that the aligning 
be very carefully done. A flexible coupling is usualy furnished between the 
pump and the motor, but this is only intended to take up motion horizontally and 
any misalignment is bound to interfere with proper operation and result in a 
short life for the coupling and excessive bearing loads. Great care must also 
be taken that the suction and discharge pipes are properly supported. 

Although a centrifugal pump will operate with as high a suction lift as any 
other type, very high suction lifts are to be discouraged as a small leakage of 
air will interfere seriously with the capacity of the pump and may cause it to 
lose its suction entirely. Wherever possible water should not be raised to the 
pump over fifteen feet, as above that point there is a falling off in capacity. 
Where the waler pumped is hot, as in the case of boiler feed, the suction lift 
possible is still further reduced and for temperatures above 170'^ F. there should 
be a positive suction head. 

Unlike the displacement type, a centrifugal pump is not self-priming. It is 
essential, therefore, that it be entirely filled with water before it is started. On 
account of the small clearances between running and stationary parts operation 
for a very short time unprimed may cause serious damage. The method of prim- 
ing depends on local conditions. The most common are by means of an inde- 
pendent vacuum pump, an ejector or a foot valve. The latter method should be 
avoided when possible as a foot valve is a frequent source of trouble and puts 
additional friction losses in the suction line, which should be as short and direct 
as possible and pf ample size. 
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Centrifugal pumps can be divided into two classes, single stage and multi- 
stage. Owing to its much greater simplicity the single stage pump should be 
used wherever possible, unless due to unusual conditions a multi-stage pump can 
be supplied which will be sufibciently more efficient to warrant the higher cost. 
Frequently, the use of two or more single stage pumps in series will give a very 
satisfactory high head installation. Owing to continual improvement in design 
the heads for which single stage pumps can be obtained for efficient operation 
have been continually increased until now they are recommended for heads as 
high as 300 feet in the smaller sizes and up to about 200 feet for very large 
sizes. The single stage pump has the big advantage of being of the double suc- 
tion type and is consequently automatically balanced. For multi-stage pumps it 
is necessary to provide some means of taking the unbalanced thrust and for this 
purpose the automatic hydraulic balancing disc has been found to be extremely 
satisfactory. 

For ordinary conditions the closed runner type of pump has been found the 
most satisfactory and efficient. However, where water containing solids or grit 
is to be handled, the open runner type is preferable owing to its tendency to clear 
itself of obstructions and being less subject to wear. 

Along with the many mechanical improvements in design of centrifugal 
pumps, efficiencies obtainable today are. far in excess of what was thought pos- 
sible a few years ago. Efficiencies as high as 86 and 87 per cent are now com- 
mon, and these efficiencies are maintained over quite a wide range in operating 
conditions. 

From being a cheap and inefficient machine that was only justified in unusual 
conditions, the centrifugal pump has come to be recognized as an efficient and 
valiuible auxiliary in manufacturing processes and as a means of pumping liquids, 
which, due to its simplicity, is well worth serious consideration. 


Non-Condensing Electric Generators*^ 


By J. H. Grainger 

In discussing this subject it is necessiiry, on account of the brief time and 
space allotted, to touch upon only the most important points to be considered in 
arriving at a conclusion as to which type of prime mover is best suited to meet 
the requirements for sugar mill service. Doubtless the practice in the sugar 
factories in Hawaii, as regards the several types of prime movers used for this 
service, is generally characteristic of the other cane sugar producing countries. 
Here we have the following types of prime movers driving generators, and oper- 
ating with initial, pressures ranging from 80 lbs. to 150 lbs. saturated steam and 
exhausting to back pressures ranging from 0 lb. gage to 10 lbs. gage: 

* Pre&ented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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Steam turbines ; 

Corliss engines; 

Poppet valve engines ; 

Uniflow engines. 

There are, of course, a number of slide valve and piston valve engines driving 
small generators, but for generators 300 k. w. and larger, these four types of 
prime movers doubtless cover the field. And to go still further, it is perhaps 
safe to say that at least 85 per cent of the total sugar mill generator capacity in 
Hawaii is either steam turbine or Corliss engine driven. 

Expansion of Steam 

Since the days of Watt, the economy of using steam expansively has been 
fully recognized and has perhaps reached its ideal in the steam turbine operating 
with the highest possible initial steam pressure, and the lowest possible vacuum 
on the exhaust. 

The eflfort is to obtain the maximum number of expansions with a minimum 
amount of internal condensation. The releasing valve gear of Corliss gave us 
the desired range of expansion for prevailing steam pressures, and the com- 
pound and other multiple expansion engines later reduced the internal condensa- 
tion by dividing the range of temperature among a number of cylinders instead 
of having it all occur in one. 

The steam turbine through its ability to utilize a high degree of vacuum 
carries the expansion of steam to its practical limit, and due to the fact that 
each row of blades is operating at practically a constant temperature, internal con- 
densation is minimized. 

However, the steam turbine is not, under ordinary pressures, as economical 
as the reciprocating engine, the records for thermal efficiency still being held by 
reciprocating pumping engines, the superiority of the turbine lying in its ability 
to utilize higher pressures and temperatures than is practical with reciprocating 
engines. 


Corliss Engines 

The Corliss engine is one in which the point of cut-off is controlled by a 
governor acting directly through a releasing valve gear. 

For a period of forty years, and until superseded by the steam turbine, this 
type of engine was the recognized American standard for economy, durability 
and general excellence. 

The ordinary semi-rotative Corliss valve actually is a slide valve made 
in four pieces, so that each cutting edge is separately adjustable, with the addi- 
tional advantage that the point of cut-off is variable without affecting the other 
functions of the valves. 

This type of valve is balanced as soon as moved off the lap, but unbalanced 
and held tightly to the seat when closed, and due to-^the use of a ‘Vrist plate'* 
motion, the valves have practically no movement when in the closed and un- 
balanced position. 
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The criticism has been made that a valve of this type soon leaks, due to wear, 
but this is entirely erroneous, because while the valve is a complete cylinder, it is 
intended to fit only a small segment of the cylinder, and the two surfaces wear 
parallel to each other, and the valve remains tight almost indefinitely, and 
engines which have been in service for more than forty years are today making 
as good indicator diagrams as when new. 

The Corliss engine is limited in speed, due to the releasing valve gear, to be- 
tween about 100 r. p. m. for the very largest sizes, to 150 or even 175 r. p. m. 
for the smallest sizes. 

Owing to the rubbing surfaces which must be lubricated, the Corliss valve is 
limited to a maximum steam pressure of about 175 lbs., and to a total temperature 
of about 500° F., but for any pressure of 175 lbs. or under, or any steam tem- 
perature up to 500° F., the Corliss engine is equal in economy, and superior in 
durability to any other type of reciprocating steam engine. 

Poppet Valves 

Poppet valves are usually of the double seat type, and being practically 
balanced and having no sliding surfaces, are suitable for higher pressures and 
temperatures than Corliss valves. For pressures above 175 lbs., or temperature 
above 500° F. either poppet valves or balanced drop piston valves should be 
used. The principal objections to poppet valves are that they are difficult to 
keep tight, as their expansion is affected by temperature; they are exceedingly 
delicate of adjustment ; and the cams with which they are operated require great 
skill in manufacture, and careful attention in operation. In brief, for ordinary 
speeds, pressures and temperatures, Corliss engines will be found fully as econo- 
mical as the poppet valve engines, and much easier to maintain. They also require 
less skilled operators. 

It is evident therefore that there is nothing to be gained by the use of poppet 
valve engines with comparatively low initial steam pressures and temperatures 
and high back pressures such as prevail in sugar factories. 

“Uniflow” Engines 

In the “Uniflow” engine, the effort is to obtain a high number of expansions 
with a minimum amount of internal condensation. In compound or other multi- 
ple expansion engines, these results are accomplished by dividing the expansion, 
and consequently the range of temperature between two or more cylinders. The 
expansions are usually about twice as many as would be used on a simple engine 
of the Corliss type, or about half as many as would be employed in a compound 
engine operating with the same steam pressure. 

To prevent the initial condensation which would ordinarily result from the 
short cut-off, high compression is used to restore the heat to the clearance space, 
and consequently also the cylinder head is steam jacketed as well, so that the in- 
coming steam does not meet any cold surfaces. 

The Uniflow engine partially accomplishes the results aimed at, its economy- 
under proper conditions being measurably greater than that of a simple engine 
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operating with less expansions, but inferior to that of the compound engine 
operating with a greater number of expansions. 

Clearance volume in a cylinder is recognized as the greatest obstacle to high 
economy, and, therefore, the Uniflow engine is most economical when operating 
with a high degree of vacuum, because with such a vacuum the clearance may 
be kept low without danger of compression running above the initial steam 
pressure. 

For non-condensing conditions, however, and particularly where back 
pressures are employed, as in process work, the Uniflow engine shows no 
superiority in economy, because with atmospheric or higher back pressures, the 
clearance volume must be made very large in order to prevent over compression ; 
or auxiliary exhaust valves must be employed which brings the machine down 
to the economy of the four-valve class with the added disadvantages of the 
Uniflow cylinder and piston construction. 

The name Uniflow is really a misnomer, because after the point of cut-off in 
a cylinder, there is no “flow’' of steam., but an expansion in all directions ; and 
when the exhaust port is opened, it is entirely immaterial whether the steam 
rushes out at the center of ^the cylinder or at the end. But there is, it is true, 
some advantage, in that the piston covers the cold exhaust port at the time steam 
ris admitted. 

Due to the fact that a single cylinder engine responds quicker to the governor 
than does a compound engine with a receiver, the Uniflow engine, if operated 
condensing, is well adapted for service where the load fluctuations are severe, 
as in rolling mill work; but for fairly steady loads, the compound engine is 
superior in economy at no greater first cost; while for the non-condensing or 
back pressure conditions, the simple Corliss engine is superior and has a con- 
siderably lower first cost. 

Incidental objections to the Uniflow engine are the general objections to 
poppet valve gear, but more particularly to the difficulties of lubrication, especially 
where high pressures and temperatures are employed. 

Compound and Multiple Expansion Engines 

The employment of compound or other multiple expansion engines is deter- 
mined by the operating conditions, chief among these being steadiness of load. 

Non-condensing compound engines have about the same economy as simple 
condensing engines, and are usually employed either where water is not available 
for condensing, or where the exhaust is desired for process work. The non- 
condensing compound engine has a comparatively narrow range of load capacity, 
depending on the back pressure employed. The compound condensing engine may 
be employed to advantage in all cases where the load is reasonably steady, for 
while it will take care of wide variations in load, its best economy is at an 
average predetermined load. The triple or (quadruple) expansion engine can 
only be employed to advantage where the loads are quite steady and known at 
the time the machinery is designed, such load conditions occurring principally in 
pumping engines, and marine engines on ships making long voyages. 
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The use of such engines for fluctuating loads or for short periods is of no 
economic advantage, and of considerable mechanical disadvantage, and the same 
remarks apply to steam turbines. 

Steam Turbines 

The steam turbine is essentially a heat engine, and due to the fact that there 
are no rubbing contacts within the cylinder, with the consequent necessity for 
internal lubrication, it is better adapted mechanically to utilize much higher steam 
pressures and temperatures than are considered practical for reciprocating steam 
engines. 

A steam turbine when operating condensing carries approximately 50 per cent 
of its load in the low pressure stage where the entering steam pressure, under 
ordinary conditions, is usually less than the pressure required for process work. 
It is evident, therefore, that we cannot expect as good steam economy from the 
turbine when operating against back pressure in the exhaust, as can be realized 
with a Corliss engine with a variable cut-oflf controlled by the governor. 

The steam turbine has a decided advantage over any other type of prime 
mover for process work, in that it requires no internal lubrication, and conse- 
quently there is no lubricating oil to contend with in the exhaust steam. 

The turbine also in practice uses less lubricating oil for the bearings, inasmuch 
as it is usually equipj^ed with a self-contained lubricating and filtering system 
which permits of using the oil over and over again with practically no loss. 

As compared with a reciprocating engine of the same capacity, the turbine 
requires somewhat less space and foundation work, and is therefore cheaper to 
install. 

On the other hand, it is very necessary in turbine operation to maintain more 
constant steam pressures for satisfactory operation, and to see that the turbine 
is furnished with dry steam, free from acid or gas-forming impurities, such as 
are almost unavoidable in sugar factories at times. 

General 

Let us assume the following steam conditions : 

Initial Pressure 125 lb. gage 

Back Pressure 10 lb. gage 

These conditions involve such a limited number of expansions that they are 
best met in an economical and practical way by the use of a simple engine. In 
fact at about 20 lbs. back pressure there is no difference in economy between 
Simple, Compound and Uniflow engines — they will reach a common point — and 
from the standpoint of steam economy, the turbine lags far behind. 

Fig. 1 illustrates the above point. The upper diagram illustrates the expan- 
sion in an ideal engine without clearance, which shows that you would have five 
and one-half expansions to just reach a terminal of 10 lbs. back pressure, and 
that a 22" steam cylinder would be required to deliver 420 k. w. at point of best 
economy at 900' piston speed. 
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Fig. 1 


The center diagram is for a simple Corliss engine with 6 per cent clearance 
and shows that five and one-half expansions with a 14 per cent cut-ofi would 
give an expansion line just reaching a terminal pressurmf 10 lbs., and this would 
require a 24" cylinder to do the same work as the theoretical 22" cylinder shown 
in tfie upper diagram. 
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The lower diagram is for a Uniflow engine, which in order not to have the 
compression run above the boiler pressure, would require a clearance of about 
25 per cent (or the use of auxiliary exhaust valves which are only used when 
an engine must run both condensing and non-condensing), and we would get 
a cut-off of about 11 per cent with three and one-half expansions, for, if we 
made a greater number of exjjansions, the cut-off would be so short that the indi- 
cator diagram would be exceedingly small, and the size of the cylinder abnormally 
large. On the same basis of speed as the simple Corliss engine the Uniflow would 
require a 26^' cylinder. 



Fig. 2 
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A compound engine would make the same number of expansions as the simple 
Corliss, i. e., five and one-half, but they' would, of course, be divided between 
the two cylinders. 

Steam Economy 

No. I, Fig. 2, shows the relative vSteam economy of the simple Corliss, the 
Uniflow and the Corliss compound based on their point of meiximnm economy 
being at 80 per cent of the full load, the Corliss figures being from standard 
curves, while the Uniflow is taken from the best information obtainable from all 
sources, and, if anything, represents a better condition than would ordinarily 
obtain. 

No. 2, Fig. ,2, shows the relative steam consumption per k. w. hr. of the 
three ty{)es of engines as usually rated; that is, with the simple Corliss giving its 
best economy at 80 per cent load, the Uniflow at 74 per cent, and the compound 
Corliss at 84 per cent. These curves take into account the generator efficiency 
at the varying loads, and, therefore, represent the economy of the unit. 

No. 3, Pig. 2, gives the relative steam consumption per i. h. p. hr. of the 
three tyjies of engines, and indicates that the most economical point for the simple 
Corliss is 70 per cent of the maximum load, of the Uniflow 65 per cent, and of 
tlie Compound 75 per cent. 

These curves have all been made on the basis of a 500 k. w. maximum rated 
unit, but there would be no substantial difference for either a 250 k. w. or 
750 k. w. 

No. 4, Fig. 2, shows the aj)proximate steam rates of 250 k. w., 500 k. w. and 
750 k. w. steam turbine per k. w. hour from half load to full load. 

Sizes and Prices 

Tile following table gives the cylinder sizes, r. p. m., best load (most economi- 
cal point), steam per k. w. at point of best economy, and price f. o. b. works of 
250, 500 and 750 k. w. maximum rated units in simple Corliss, compound Corliss 
and Uniflow types. The factory price for the three sizes of steam turbine is 
also given. The figures for the simple Corliss engines, compound Corliss engines 
and steam turbines are based on Allis-Chalmers Mfg. Co. standard data, while 
the Uniflow engine figures are taken from the best inforniaton available. 

COMPARISON OF SIMPLE CORLISS, COMPOUND CORLISS AND UNIFLOW 
ENGINES OF 250, 500 AND 750 K. W. (MAX. RATED, STEAM 125 LBS. 

SATURATED) 10 LBS. BACK PRESSURE 




A 

B 

C 


Max. Eating 

250 K. W. 

500 K, W. 

750 K. W. 


Cylinder 

16'' X 36" 

22" X 36" 

26" X 42" 


R. P. M 

150 

150 - 

120 

Simple 

Best Load.... 

200 K. W. 

400 K. W. 

«00 K. W. 

Corliss 

Steam per K, W. Hr 

40 Lbs. 

40 Lbs. 

40 Lbg. 


Price at Woriks 

$10,000.00 

$13,000.00 

$19,000.00 
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Cylinders 

14" & 22" X 36" 

18" & 28" X 36" 

22" & 36" X 42" 


R. P. M 

150 

150 

120 

Compound 

Best Load 

210 K. W. 

420 K. W. 

630 K. W. 

Corliss 

Steam per K. W. Hr.. 

32.2 Lbs. 

38.15 Lbs 

38,05 Lbs. 


Price at Worhs 

•tl 4,500.00 

$18,000.00 

000.00 


Cylinder 

18" X 30" 

28" X 36" 

32" X 42" 


R. P. M 

180 

150 

125 

Uniflow 

Best LoaJ 

185 K. W. 

370 K. W. 

560 K. W. 


Steam per K. W. Hr . . 

39.25 Lbs. 

39.2 Lbs. 

39.15 Lbs. 


Price at Worlis 

o 

o 

o 

o 

$22,500.00 

$33,000.00 

Turbine 

Price at Works 

^11,000.00 

$15,000.00 

$19,000.00 


Tasseling* 


By O. C. Markwell 

In order to avoid confusion, this subject will be treated in the f'dlowini;' 
manner : 

1. Tasseling of mature or second season canes. 

2. Tasselingf of immature or first season canes. 

3. Influencing factors. 

Tasseling of Mature Canes 

The tasseling of mature canes is desirable or undesirable in so far as it in- 
creases or decreases the yield of sugar. It is supposed that tasseling affects the 
juices. If this is true, then the percentage of canes which tassel during the 
second season is a figure to be considered. With the above sup]X)sition in mind, 
W. C. Jennings offers the following data, which he secured at Ilawi Mill and 
Plantation Company : 

JUICE ANALYSIS OF TASSELED AND UNTASSELED CANE, FIELD HOEA 9 
SAMPLES GROUND IN HAND-MILL AND ANAI.YZEI) 


January 8, 1924 


Sample 


Brix 

Pol. 

Pur. 

Q. R. 

D 1135 

. .Tasselod 

16.4 

13.83 

84.3 

9 . 76 


Untasscled 

15.2 

12.87 

84.7 

10.51 

Yellow Caledonia 

. . Tasseled 

18.6 

16.51 

88.7 

7.98 


Untasseled 

19.1 

17.16 

89.9 

7.66 

H 109 

. .Tasseled 

16.4 

14.05 

85.7 

9.57 


Untasseled 

15.8 

13.73 

86.9 

9.7 


* Presented at Third Annual Meeting of Association of Hawaiian Sugar Technologists, 
Honolulu, October 27, 1924. 
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Striped Mexican 

....Tasseled 

18.7 

16.92 

90.5 

7.73 


Tin tasseled 

18.6 

17.31 

93.06 

7.43 

The H 109 tasseled so 

heavily and the Yellow Caledonia 

so lightly that 

it may 

detract 

somewhat from the value 

of comparisons in these varieties. 





March 16, 1924 





Sample 


Brix 

Pol. 

Pur. 

Q. E. 

D 1135 

. . . .Tasseled ^ 

18.8 

16.79 

89.3 

7.85 


Un tasseled 

18.9 

16.30 

86.3 

8.23 

Yellow Caledonia 

. . . . Tasseled 

20.8 

18.93 

91. 

6.89 


Uii tasseled 

20.9 

19.29 

92.3 

6.69 

H 109 

. . . .Tasseled 

20.1 

18.65 

92.8 

6.92 


Un tasseled 

19.7 

18.93 

96. 

6.72 

Striped Mexican 

. . . . Tasseled 

19.8 

19.01 

96. 

6.68 


Untasseled 

19.6 

18.93 

96.5 

6.70 


April 26, 1924 





I) 1135 

. .Tasseled 

20.0 

18.22 

91.1 

6.51 


Untasseled 

19.8 

17.71 

89.3 

6.63 

Yellow Caledonia 

. , . .Tasseled 

19.6 

17.48 

89.1 

6.70 


Untasseled 

20.9 

18.74 

89.6 

6.28 

H 109 

. . . .Tasseled 

21.1 

20.05 

95.0 

6.05 


Untasseled 

20.7 

19.82 

95.7 

6.15 

Striped Mexican 

. . . . Tasseled 

, 20.9 

19.29 

92.3 

6.18 


Untasseled . ^ 

20.4 

19.99 

97.9 

6.19 


For I) 1135 there is a consistent beneficial effect, while with Yellow Caledonia the 
opposite is true. This data does not, sufiicient evidence to enable one to draw a 
definite conclusion. 

The following counts w'ere made in .^ve different locations in Field Hoea 9 to deter- 
mine the percentage of tasseling. ,0'la3y the inside lines were counted, taking the third, 
thirteenth and twenty-third in a watercourse in each locality: 


H 109 


Line 

No. 

Total Total 
Stalks Tasseled 

Total 

Untasseled 

Percentage 
of Tassels 

Eema*rks 


1 

39 

36 

/ 3 

92 

3 very thin stalks not tasseled 

2 

77 

72 

5 

94 

5 smaller than average stalks 

not tas- 

3 

74 

67 

7 

91 

seled 

5 very thin stalks not tasseled, 

2 larger 

4 

63 

59 

4 

94 

but still below average 

1 very thin and 2 smaller than 

average 

5 

78 

70 

8 

90 

not tasseled 

All thin stalks 


6 

93 

86 

7 

93 

5 very thin and 2 smaller than 

average 

7 

103 

102 

1 

99) 

-■ ■■ . 


8 

89 

88 

1 

99) 

Untasseled stalks smaller than 

average 


109 

107 

2 

98) 
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10 

91 

88 

3 

97 

3 thin stalks 

11 

91 

82 

9 

90 

7 very thin and 2 near average 

12 

79 

70 

9 

89 

6 small and 3 near average 

13 

84 

79 

5 

94 

Untasseled stalks all thin 

14 

87 

82 

5 

94 

1 very thin and 4 below average 

15 

92 

85 

7 

92 

6 small and 1 near average 

Per cent t>f tasseled stalks. . . . 

. . 93 


Every line in two watercourses was inspected, 

but no stalks that had not tasseled were 

found which approached 

the average 

in size. 


The following counts were made 

in the third and thirteenth lines of a watercourse in 

six different locations in 

Field Hoea 9: 






Striped Mexican 

Line 

Total 

Total 

Total 

Percentage 


No. 

Stalks 

Tasseled 

Un tasseled 

of Tassels 

Remarks 

1 

76 

65 

11 

86 

3 small stalks, 8 below average in size. 






7 very small 

2 

98 

86 

12 

88 

3 below and 2 average stalks, 8 very 






small 

3 

104 

85 

39 

82 

1 1 below average, 4 very small 

4 

69 

60 

9 

87 

2 below and 3 average, 2 very small 

5 

82 

74 

8 

90 

2 below average 

6 

91 

79 

.12 

87 

12 below average, 5 very small 

7 

97 

83 

14 

86 

9 below average 

8 

83 

77 

6 

93 

6 below average, 7 small 

9 

107 

89 

18 

83 

11 below average, 1 small 

10 

96 

88 

8 

92 

7 below average, 5 small 

11 

87 

76 

11 

87 

7 near average 

12 

93 

86 

7 

92 

5 near average, 2 small 

13 

86 

77 

9 

90 

8 below average, 1 small 

Total. 

. .1169 

3025 

144 

88 


In 

the Stri])ed Mexican quite a 

large percentage of stalks had evidently started to 

arrow 

and then stopped. 

No' further growth takes place at the tip and the interior of the 

sheath 

is dead. 

These stalks are counted asi having tasseled. 

The following counts were made in the third line of a watercourse in five different 

locations in Field Hoea 9: 







D 1135 


Line 

Total 

Total 

Total 

Percentage 


No. 

Stalks 

Tasseled Untasscled 

of Tassels 

Remarks 

1 

92 

86 

6 

94 

1 small, 5 average circumference stalks 

2 

89 

81 

8 

91 

5 small, 3 average circumference stalks 

3 

111 

95 

16 

86 

8 very small, 8 below average circum- 






ference stalks 

4 

106 

87 

19 

82 

6 small, 13 below average circumference 






stalks 

5 

101 

90 

11 

89 

11 all below average circumference 






stalks 

Total . 

. . .499 

439 

60 

88 
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In both I) 1135 and H 109 untasseled stalks are, as a rule, either very small in cir- 
cumference, or have subnormal appearing- stalks or large suckers. The suckers, or any 
stalks which are apparently second season growths, are disregarded in making counts. 

The tables showing the percentage of tasseling, which Mr. Jennings presents, 
contain some interesting remarks. While they do not settle the question, they 
emphasize the necessity of further endeavor along this line. 

In the following data, supplied by Richard Penhallow, it is interesting to 
note that there is a big difference in the amount of tasseling among the standard 
varieties under different environment. Count was made at the end of Decem- 
ber, 1923: ' 


Striped Mexican 


Percentage 


Field No. 

Plant or Ratoon 

of Tassel 

3 

Ratoon 

27 

4 

1 1 

63 

5 

t ( 

57 

5 

i t 

32 

6 

i < 

34 

86 

1 1 

45 

86 

( < 

50 

86 

< i 

43 

24 

Plant 

51 

3 

Ratoon 

57 

3 

t i 

50 

13 

t i 

2 

14 

i < 

57 

16 

1 i 

39 

41 

1 1 

60 

67 

Plant 

70 


6 

Ratoon 

35 

38 

Plant 

59 

38 

i i 

53 

39 

Ratoon 

43 

43 

i ( 

44 

9 

( ( 

36 

31 

Plant 

41 

31 

1 1 

76 

31 

< i 

79 

99 

Ratoon 

30 

40 

i { 

51 

42 

Plant 

41 

66 

Ratoon 

40 

67 

i { 

29 

65 

Plant 

64 

60 

Ratoon 

50 


Remarks 

Mauka 
1 1 

(Ist ditch, lower) 

(2n(l ditch, upper) 

( ( 
i ( 
i ( 

< i 
i t 
t i 

Inside valley 

Tasseled heavily last year 

< i 

Ordinary elevation 

a it 

it it 

109 

Manka 

t { 

( i 
1 1 
a 

Makai 

Ordinary elevation 

Very heavy cane along bank of stream 
Makai 

Ordinary elevation, rainfall -slight 

ti it 

it a 

a it 

it it 

Maikai 

a - 
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Lahaina 


95 

Batoon 

33 

Makai, heavy cane 

95 

i i 

E^ow 

Poor spot 

95 

( ( 

20 

Makai, good canc 

95 

i ( 

35 

Ordinary elevation, fair cane 

95 

i t 

50 

very good 

66 

{ ( 

61 

a n 



Yellow Caledonia 

7 

Plant 

5 

Mauka 

8 

Ratoon 

5 

i 1 

7 . 

Plant 

5 

i < 

8 ■ 

Ratoon 

5 

i t 




H 146 

6 

Ratoon 

20 

Mauka 

9 

( < 

14 

Makai 

20 

i i 

19 

Ordinary elevation 




D 1135 

13 

Plant 

16 

Manka, light stand 

67 

i i 

36 

Ordinary elevation, good stand 




Badila 

31 

Plant 

2 

Ordinary elevation 




Wailuku 3 

31 

Plant 

2 

Ordinary elevation, good cane 




Wailuku 6 

31 

Plant 

11 

Ordinary elevation, good caiie 


Tasseijnc of Immature or First Season Canes 

Tasseling of immature or first season canes is undesirable because it de- 
creases the yield. Cut-back experiments should prove or disprove this for any 
given variety and locality. Into our cut-back experiments has entered a factor 
which some think has worked to the disadvantage of cutting back. This will be 
discussed under influencing factors. 

Varieties: The time of tasseling and the length of time required to mature 
their seed dififer with the varieties. 

In general, of our standard varieties, H 109 and D 1135 are the highest in 
tasseling percentages, while Yellow Caledonia and Striped Mexican are compara- 
tively light. H 146 is our earliest tasseler, although it does not mature its seed 
as quickly. Badila conies in flower among the late ones, and H 5001 seldom 
tassels. However, Richard Penhallow says that at Wailuku it was observed tas- 
seling in November, after less than a year’s growth. 

He also made the following comparisons as to the time of the year different 
varieties tassel: • . 
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Wailuku, Maui, Ordinary Elevation, November 3, 1923 

D 1135— tasseling in all fields. 

Lahaina — tasseling in some fields. 

Striped Mexican — a few tassels in some fields. 

H 109 — a few tassels in some fields. 

Wailuku 4, 13, 5 and 11 — very few tassels. 

Richard Penhallow states that Wailuku 22 never tassels. Some Hawaiian 
canes are said to never flower. From observation and what can be learned from 
the older residents of Kauai, the Hawaiian variety, Piiaole, does not tassel. 

It should be comparatively easy to classify varieties and seedlings according 
to their general habits of tasseling. It might be well to consider such a classi- 
fication where tasseling should be avoided. 

Influencing Factors 

Relative to observations on factors influencing tasseling, you will note the 
remarks and notes attending the data of W. C. Jennings, which he summed 
up by saying: ‘‘In both D 1135 and H 109 untasseled stalks are, as a rule, either 
very small in circumference, subnormal appearing stalks, or large suckers.^' 

The above observations are partially corroborated by Richard Penhallow, 
who says: 


In the middle of November I made counts in three varieties and recorded them as 
follows: 


Variety 

Per cent Tassel 

Bern a rks 

W 5 

2,4 

Mauka line where growth was short 

W 5 

8.2 


W 5 

.17.7 

j^f;i|luka line where growth was exceptionally long 

W 5 

25.5 


W 5 

19.6 

Mauka line — short growth. 

W 5 

43,0 

Makai line — heavy growth 

W 9 

8.75 

Normal line in hollow 

W 9 

4.5 

Growth retarded by nut grass 

W 9 

34.6. 

Mauka line — very hea^Vy growth 

W 9 

1.2 

Mauka line — poor stand 

W 9 

1.14 

Good growth 

W 9 

32.9 

Very heavy growth 


In Wailuku 4 a few tassels were noticed where growth was very heavy, but none 
on the pall where growth was poor. 

In a gulch at McBryde Sugar Company, differences in the time and amount 
of tasseling of Yellow Caledonia, ratopns, were noted as follPws : 

vA — High pali, protected from wind, practically unirrigated, only two or 
?three tassels appeared. 
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B — Bottom of gulch, heavy cane, most mature, had sufficient water. Tasseled 
earlier and heavier, about 15 per cent. 

C— Pali, wind swept. At time of tasseling of ^^B” about 5 per cent tasseled. 
As late as February more tassels appeared. Total 10 per cent. 

Of the above data, Richard Penhallow says: 

Tho caiie had very good growth for its age. The fact that the cane grew so fast 
shows that a great deal of vigor was in the plants. When growing conditions became 
adverse, this vigor had to be turned to something else and the cane, already large enough, 
turned it to producing seeds. 

No doubt the dilYerence in amount of tasseling in the above observations is 
due to environment. Of environment’s role in tasseling W. W. G. Moir writes : 

I feel reasonably certain from observations and data secured from many varieties 
under different environmental treatment that the greatest factors in preventing severe 
tasseling, in the susceptible varieties, and none in the very slightly suscejdible ones, 
are regularity and uniformity of envirouinont at least three months prior to the regular 
tasseliug period. This regularity may be good or poor agiicultiiral practice as long as it 
is uniformly carried out from beginning to end and not a mixed practice. 

Examples of this may be cited here: A field of H 109 harvested at an elevation of 
800 feet in January was neglected entirely until July 1 when it was weeded, fertilized and 
irrigated. At that time half of the field was cut back, and had regular uniform treat- 
ment n]> to tasseling time. The area which was not cut back tasseled only 8 per cent and 

had about BO tons of cane per acre, while the cut-back cane witli no' tasseling had less 

than 5 tons of cane |)er acre. 

There were far more shoots ])er line in the non-cut-back, but they had not the strong 
a])j)earance that would bring them through to maturity. Tliere is another process going 
on at this stage in the growth of both the cnt-hack and the non-cut-back cane, which 
will be discussed later, whi(di tends to even up the yield for a i)criod of the growth. 

Here we have given a case wlierc the treatment of the crop was what you would 
call poor agricultural practice (neglect). The neglect was uniform- and regular, that is, at 
no time was the place given any agricultural treatment of juiy kind until regular and 
uniform ])lantation work could start — 5 months after harvesting. 

Ill another field at a little lower elevation (in general), the lower the elevation the 
less . tasseling in H 109 as observed under conditions here (Maui), the H 109 was har- 
vested at the same period, but wa« prepared for the next crop immediately by weeding, 

irrigating and fertilizing, but due to the lack of a willing contractor the agricultural prac- 
tice was irregular, the periods between irrigations varying from 12 to 30 days. This con- 
tinued up to tasseling time. The percentage of tasseling was around 30 per cent. In an 
adjoining field a ])iece of H 109 was harvested about the same time, but not treated, 
practically neglected, except for weeding. Yet it tasseled only 10 per cent. 

In still .another field the H 109, harvested at the same time but taken up, was given 
regular plantation treatment in regular and uniform doses. Here the process continued 
regularly throughout the crop and less than 5 per cent tasseling was recorded. 

So we can feel reasonably certain from these cases, together with several other cor- 
roborative experiments or observation inserts, that the prime factor influencing tasseling 
is environment, and that we secure heavier tasseling with irregular environment and 
practically none where the environment is kept either uniformly severe or uniformly good, 

Mr. Moir continues to explain his stand on cutting back as previously re- 
ferred to: 

As mentioned above, I said there was a tendency to equalization of yield in both 
the cut-back and non-eut-baek areas. In cutting back a crop you are starting it all over 


6 
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again and its rate of growth becomes much more rapid than does a crop that has been 
stunted and neglected. This difference in rate of growth continues until the second season 
growth starts. The cut-back area may appear to surpass the non>cut-back for a period, 
but beginning with the second season a “grand reawakening, “ as you might call it, 
happens to the non-cut-back area. Extremely great numbers of large, strong, secondary 
shoots appear. These are so numerous and strong that one wonders how so many stalks may 
find room in a line to grow. From then on if your growing conditions are ideal enough, 
the non-cut'back area will far out yield the cut-back, even though they at one time 
became equalized. 

Mr. Moir believes that ''extra” tasseling along the watercourse is due to lack 
of uniform environment, while Penhallow thinks that it is due to the additional 
growth of the cane, whic;h in turn is due to environment. 

At any rate there may be some basis for the criticism of our present cut- 
back experiments. 

F. W. Broadbent, Maui, says: 

It appears to me thus far that unless fields of ratoons can be given a j)ropc‘r start 
soon after harvesting, it is more profitable to cut them back later, and start them off. An 
argument based on tassel percentage is not too sound because the stand of the no-cut-back 
stuff is not up to that which, has been cut back. 

He suggests cut-back experiments as follows : 

1. No-cut-back cane that is started soon after harvest. 

2. No-cut-back cane that is started per plantation schedule. 

3. Cut-back cane started per plantation schedule. 

In January, 1924, n^arked differences in tasseling were noted in two experi- . 
ments at Koloa Sugar Company. These experiments were located in Field 51 
in the maiika section, elevation about 600 feet. Upon investigation the following 
data were obtained : 

Experiment 17 — Amount of Beveited Phosphate, 1925 Crop — ^Yellow Tip Cane, Planted 
April, 1923 — Tassels Counted January 22 and 23, 1924 

A — 500 pounds of reverted phosphate per acre. 

B — 1000 pounds of reverted phosphate per acre 

C — 1500 pounds of reverted phosphate per acre 

1) — None 

/ Tassel Count 

Average per Eow Average per Eow 


Plots Tassels Bticks Percentage 

A 38.5 215 19.25 

B 18.75 234.5 8.00 

0 18.25 235 7.76 

D 61.5 184.25 33.7 


For the first few months phosphate did not appea-r-beneficial.. Subsequently, 
however, canes o'f "B” and “C” plots showed marked gains. In nearby experi - 
i|iehts, Field 51, no response to nitrogen or potash is visible. 
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No doubt there is a high mortality of sticks in the no-phasphate plots, for it 
was observed during the tassel count that many of the small sticks were dying. 

In Experiment 14, Plant Food, Field 51, tassel counts were made and the 
data secured corroborates the results of the tassel count of Experiment 17. 

Experiment 14 — Plant Food — ^Yellow Oaledcoiia, Planted March, 1923 

No. of Average per Row Per cent 


Plots Plots Tassels Sticks Tasseling 

N 5 5 99 5.06 

NP 5 3 116 2.58 

NK 6 6 102 5.88 

NPK 5 3 111 2.7 

PK 5 2 122 1.64 


All plots which received phosphate had 1,000 pounds reverted per acre in 
furrow before planting. 

The writer interprets the above results as indicative that the heavy tasseling 
of the canes of the A (500) and D (none) plots was due to stunting, which in 
turn was due to marked unavailability of the plant food element, phosphorus. 
He believes that in a soil showing a strong response to nitrogen or potash, similar 
results would be obtained. 


P>LJND Eyes 

Inquiries were made relative to the cause and occurrence of blind eyes. Most 
observers associate their occurrence with tasseling. The few long joints below a 
tassel have no eyes. It has been noted that blind eyes correspond to the tassel 
season. It has been suggested that the blind eyes are formed by the sajne in- 
fluence which causes tasseling, but that the influence is not strong enough to 
cause tasseling, so normal growth is resumed when eyes again form. 

Concerning blind eyes, A. D. Shamel asserts that there is some evidence in- 
volving the terrific competition under which canes labor. 


Executives Want to Save Dollars, Not Heat Units* 


In the industrial plant, the operating engineer often feels that the factory 
management regards the power plant as a necessary evil, something to be put up 
with for want of a better method of turning the wheels in the production depart- 
ments, but something on which no money is to be spent except in a case of dire 
necessity. The plant engineer feels this most keenly when he approaches the 
management with a request for new equipment that will raise the efficiency of his 
boilers and engines. lie finds that the management often has little patience with 
his troubles and he cannot understand why, because his needs are so evident to 
himself. 

* Power Plant Engineering, Vol. XXVIII, No. 24. 



340 


The reason for his apparent lack of interest will be clear when we consider 
that the executive thinks in terms of business and finance, not engineering. He 
thinks of the total cost of the factory’s product, of first costs, interest on invest- 
ment ; fixed charges, depreciation and the like. If he is not an engineer himself, 
the executive thinks of the power plant simply as a place from which to obtain 
as cheaply as possible the power necessary to turn the wheels of the production 
departments. 

Yet this very attitude taken by so many executives gives the engineer a chance 
to show the management that here in the power producing department is an 
opportunity to cut costs that has too often been overlooked. The principles of 
good salesmanship apply here. The proper stand for the engineer to take is that 
the question is one of business policy, that by investing a definite amount of 
money in equipment carefully selected to decrease the fuel consumption and pay 
for itself within* a definite time, a material reduction can be made in the cost of 
supplying power. An approach to this subject from this viewpoint will arouse 
the instant attention of the executive, whereas the recital of technical woes often 
leaves him cold. 

It goes without saying that in presenting his case in this way, the engineer 
will be prepared to prove his point, like any other good salesman. For example, 
if he needs a new feed-water heater, he can find out without much trouble how 
much the heater will cost, the depreciation on it, the cost of maintenance, the 
interest on the investment, and the fuel .saving that will result from its use. Then 
he can show how in a definite time, considering past averages, the saving will pay 
for the heater and how, after that time, the power cost will be reduced by just 
that much, allowing, of course, for the replacing of the heater at the end of 
its life. 

In attempting to raise the efficiency of his plant, the engineer can secure the 
interest and co-operation of the n^anagement if he will remember that they are 
primarily interested in saving dollars, not heat units or power units. Without 
too much trouble, he can translate his technical information into business terms. 
When he does this, he finds that, after all, the management is interested in his 
work. 

[Keep the boiler or power plant clean and neatly painted. Cleanliness in a 
plant promotes pride, and pride in one’s work means better and more careful 
work.] 


[W. E. S.] 
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Sugar Prices 


96° Centrifugals for the Period 
March 17, 1925, to June 18, 1925 


Date 

Per Pound 

Per Ton 

Mar. 

17, 1925 . . 

... 4.755^ 

$95.10 

( i 

18 

... 4.71 

94.20 

( ( 

19 

... 4.74 

94.80 

1 1 

25 

... 4.71 

94.20 

a 

26 

... 4.68 

93.60 

( i 

30 

... 4.65 

93.00 

( i 

31 

... 4.62 

92.40 

April 

1 

... 4.59 

91.80 

( ( 

7 

... 4.52 

90.40 

i t 

8 

... 4.535 

90.70 

1 1 

9 

... 4.52 

90.40 

i ( 

14 

... 4.505 

90.10 

t i 

15 

... 4.445 

88.90 

< ( 

16 

... 4.40 

88.00 

i ( 

22 

... 4.385 

87.70 

( i 

27 

... 4.40 

88.00 

< i 

28 

... 4.365 

87.30 

i ( 

29 

... 4.315 

86.30 

i ( 

30 

... 4.27 

85.40 

May 

1 

... 4.33 

86.60 

( i 

12 

... 4.365 

87.30 

i i 

13 

... 4.43 

88.60 

t i 

14 

... 4.315 

86.30 

i i 

18 

. . . 4.30 

86.00 

i i 

19 

. . . 4.285 

85.70 

i i 

20 

... 4.27 

85.40 

{ ( 

23 

... 4.33 

86.60 

( { 

25 

... 4.365 

87.30 

i i 

26 

... 4.43 

88.60 

( i 

27 

... 4.41 

88.20 

i i 

29 

... 4.37 

87.40 

June 

2 

... 4.43 

88.60 

i i 

4 

... 4.445 

88.90 

i t 

10 

... 4.40 

88.00 

( ( 

16 

... 4.46 

89.20 

< ( 

18 

... 4.43 

88.60 


Eemarks 

Cubas, 4.77; Porto Ricos, 4.74. 

Porto Ricos. 

Cubas. 

Cubas. 

PoTto Ricos. 

PoTto Ricos. 

Cubas, 4.65; Philippines, 4.59. 

Porto Ricos. 

Porto Ricos. 

Porto Ricos, 4.52, 4.55. 

Porto Ricos. 

Cubas, 4.52, 4.49. 

Porto Ricos, 4.43, 4.46. 

Cubas. 

Porto Ricos, 4.40, 4.37. 

Cubas. 

Cubas, 4.33, 4.40. 

Cubas, 4.33; Porto Ricos, 4.30. 

Cubas. 

Cubas. 

Porto Ricos, 4.33; Cubas, 4.40. 
Cubas, 4.40, 4.46. 

Cubas, 4.33; Porto Ricos, 4.30. 

Porto Ricos. 

Cubas, 4.30; Philippines, 4.27. 
Philippines. 

Porto Ricos. 

Porto Ricos, 4.33; Philippines, 4.40. 
PoTto Ricos, 4.40; Cubas, 4.43, 4.46. 
Porto Ricos, 4.46, 4.37; Cubas, 4.40. 
Cubas. 

Cubas, 4.40, 4.46. 

Porto Ricos, 4.46; Cubas, 4.43. 

Porto Ricos. 

Cubas. 

Porto Ricos. 
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The Transmission of “Rosette” Disease of Peanuts by 

an Aphis 


Messrs. H. H. Storey and A. M. Bottomley,’’' of South Africa, have demon- 
strated that the disease in the ground nut or peanut (Arachis hypogeHy L.), 
known in South Africa as ‘‘rosette’', is transmitted by Aphis Icgumtnosae Theo. 
This disease belongs to the virus group, to which the mosaic of sugar cane also 
belongs. These two workers believe “rosette” to be identical with “Krausel- 
krankheit” of Zimmermann in East Africa, with the “Krulziekte” of Rutgers in 
Java and with the bunching or “clumping” in West Africa and India. About 
nine species of Homoptera which feed upon peanut were experimented with, but 
all except Aphis Icgtirnhwsae gave negative results. 

This work has interest for us: first, on account of our work with sugar cane 
“mosaic” and, second, demonstrating how important it is to keep out of Hawaii 
all insects which may be capable of conveying plant diseases. 

F. M. 


Nature,’ No. 2907, Vol. 116, p. 97, July 18, 192i5. 
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Cut-back vs. Not-cut-back Experiment 


By H. B. Penhallow 


This experiment was carried out by the plantation in Field 92 with H 109 
ratoon cane under the usual plantation conditions to determine the eflfect of not 
cutting back, as cutting back has been considered necessary at Wailuku, due to 
the prevalence of heavy tasseling there in all varieties of cane. Prior to the 
present experiment various small plots have been under observation, indicating 
that cutting back might be dispensed with under certain conditions. The present 
experiment, carried out on a sufficiently large area to give more conclusive results, 
shows a definite gain from not cutting back in H 109 ratoons. 

The area involved in this experiment covered 71.30 acres of H 109 ratoons, 
of which 38.36 acres were cut-back and the remainder, 32.94 acres, not-cut-back. 
The plots consisted of 10 alternating not-cut-back level ditches with 9 cut-back 
ditches, thus sufficient repkitions were assured. 

The field was harvested during February and March, 1925. The cane from 
the various plots was carefully weighed and sampled under special supervision. 

The previous crop was harvested during the months of March and April, 
1923, and cutting back took place June 23 to 27. 

Fertilization consisted of an application of B-7 at the rate of 1,000 pounds 
per acre in the latter part of August and an application of 170 pounds of nitrogen 
from nitrate of soda in the latter part of November, 1923. 

The cut-back ditches required three more weedings than did the not-cut-back 
ditches. 

In regard to tasseling, the following notes were made on or about the 8th of 
December, 1923: “In Field 92 there is very little tasseling (only one here and 
there) in the first ditch above the Government Road, which showed most dryness 
from lack of water several months ago, and no tasseling in the cut-back ditches. 
The other not-cut-back ditches have more tassels, mostly along the level ditches, 
straight ditches and watercourses. If a tassel count should be taken in the spots 
where there is heaviest tasseling, between 10 per cent and 15 per cent tasseling 
would be evident.'^ 

That heavy tasseling did not take place in the not-cut-back ditches was further 
substantiated at harvesting by the fact that not a great number of lalas were to 
be found. Stalks which did have lalas were found mostly along level ditches and 
watercourses where, as mentioned above, the most tasseling took place. Stalks 
with all the way from 1 to 4 lalas were found, the average running about 2. 
Average length of lalas was about 5 feet while the main stalk ran from 4)4 
to 5 feet. 

As can be seen from a study of the results obtained, the not-cut-back ditches 
outy^elded the cutback ditches in tons cane per acre and also gave a better quality 
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ratio. This is possibly due to the extra period of growth in the not-cut-back 
ditches and also the cane in them being more mature. 

A similar experiment is to be harvested in 1926, in which the not-cut-back 
area showed 34 pet cent tassels by count, which is considerably higher than in 
the one just harvested. 

WAILXJKU SUGtAR COMPANY 
Cut-back vs. Not-cut-back 


Field 92— Crop 1926 


Ditch 

N. C. B. 


Total 

Tons Cane 

Tons Sugar per Acre 

Total Tons Sugar 

No. 

or C. B. 

Area 

Tona Cane 

per Acre 

Q. R, N. 0. B. C. B. 

N. C. B. 

C. B. 

1 

N. C. B. 

3.17 

238.475 

75.23 

6.99 

10.76 


34.13 


2 

C. B. 

3.53' 

245.385 

69.51 

7.04 


9.87 


34.85 

3 

N. C. B. 

4.30 

307.790 

71.58 

7.08 

10.11 


43.48 


4 

C. B. 

3.85 

266.225 

69.15 

7.21 


9.59 


36.92 

5 

N. C. B. 

3.60 

262.3,10 

72.86 

7.08 

10.28 


37.00 


6 

C. B. 

3.50 

241.325 

68.95 

7.38 


9.34 


32.69 

lA 

N. C. B. 

4.25 

299.145 

70.39 

6.81 

10.33 


43.93 


2A 

C. B. 

3.82 

249.270 

65.25 

6.98 


9.34 


35.69 

3A 

N. 0. B. 

4.97 

327.845 

65.96 

6.78 

9.73 


48.37 


4A 

G, B. 

7.97 

500,357 

62.78 

7.07 


8.88 


70.83 

5A 

N. C. B. 

5.97 

381.331 

63.87 

6.85 

9.32 


55.65 


6A 

C. B. 

6.77 

393 . 923 

58.18 

7.21 


8.07 


54.63 

7 

N. C. B. 

2.65 

180,435 

68.09 

6.76 

10.07 


26.70 


8 

C. B. 

4.10 

245.135 

59.79 

7.01 


8.54 


35.04 

9 

N. C. B. 

1.98 

118.970 

60.08 

7.02 

8.55 


16.93 


10 

C. B. 

3.37 

180.972 

53 . 70 

7.16 


7.50 


25.30 

11 

N. C. B. 

1.30 

78.462 

60.35 

7.38 

8.18 


10,64 


12 

C. B. 

1.45 

81.765 

.56.39 

7.57 


7.45 


10.80' 

13 

N. C. B. 

.75 

43.712 

58.28 

6.71 

8.68 


6.51 
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Total 

Tons Cane 







Area 

Tons Cane 

Per Acre 

Q. R. 

Sugar 

Not-cut-back . 



,32.94 

2238.475 


67.96 

6.92 

9.82 

Cut-back . . . . 



.38.36 

2404,337 


62.68 

7.14 

8.78 

In favor of Not-cut-back 




5.28 


1.04 
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Blind Seed in H 109 


By J. N. P. Webster, Agriculturist, Wailuku Sugar Company 

In cutting top seed in fields of H 109 just previous to harvesting, the finding 
of blind seed, joints without eyes, is of common occurrence. Unless seed cutters 
watch carefully, out of ten bags cut, from one to two bags of blind seed can be 
found. 

Some seem to think that the appearance of blind seed is a sign that H 109 
is going back or degenerating. An instance being found in some seedlings which 
cannot be extended on account of their not developing eyes. From some observa- 
tions made recently by the writer this does not seem to be the case. 

The field in which the observations were made is laid out in a cut-back vs. 
not-cut-back experiment, the cane in the not-cut-back ditches being slightly over 
a year old and tasseling having taken place in November and December, 1924. 

A number of primary stalks in a not-cut-back level ditch were examined and 
it was found that while some had tasseled, others had not. Those that had tasseled 
were sending forth all the way from 1 to 3 lalas. Fig. 1 shows a group of 4 lalas 
about 4 months old. 



Fig. 1 
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On the primaries which had not tasseled it was found that, although they 
appeared to be normal stalks, there was a blind section just beneath the last dry 
leaf, consisting of anywhere from 5 to 8 nodes. In some instances there were 
signs of a very small, poorly developed eye, but mostly none at all. 

These primaries were practically the same age as those tassel ing and the blind 
sections were noted at' a point corresponding, more or less according to the 
growth, to a section just above the lalas of the tasseled stalks. This last men- 
tioned section is always blind and is a natural characteristic of stalks tasseling. 

On all the stalks gone over it was found that above the blind section normal 
eyes were again being developed. See stalk No. 2 in Fig. 3. Apparently, by 
some instinct of nature, there is a period of disagreement as to whether a stalk' 
is to reproduce itself by tasseling or not. This causes eyes to stop forming, with 
the result that we have a blind section covering the period of disagreement. 

If it were a case of H 109 going back one would think that with a blind sec- 
tion commenced it would keep on being blind, but this, as pointed out above, is 
not so. 

F'urthermore, blind sections have been seen just recently in Lahaina, Striped 
Mexican, Wailukii No. 5 and Wailuku No. 9, so that this is not a condition pecu- 
liar to H 109. That Lahaina develops this feature has been known on Maui for 
a number of years — j^robably on other islands as well. 



Fig. 2 Fig. 3 
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Fig. 4 Fig. 5 


The abnormal condition noted on stalk No. 1 in Fig. 3 is no doubt the result 
of a more aggravated period of indecision — whether to tassel or not. Eyes above 
this part are normal. 

In a not-cut-back level ditch of two-year old cane, stalks were found which 
( 1 ) had not tasseled in two tasseling seasons, (2) others while tasseling in the 
first season did so in the second, and (3) still others which tasseled in the first 
season, lalaed, and the lalas tasseled in the second season. 

Stalks under ( 1 ) above were found to have two blind sections, one about 
the middle of the stalk and the other at the top. See Fig. 5, which is a whole 
stalk cut into three pieces. The blind section of the first season can be seen in 
the middle, piece and that of the second season in the piece to the right. Note 
that all the eyes above the first blind section are normal up to the point represent- 
ing the tasseling period of the second season, which is blind, then normal eyes 
again start forming. 

Figs. 2 and 4 fall under (3). 
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TTiei Root System of Sugar Cane 


By J. A. Verret 

When a sugar cane cutting is planted, as we all know, roots are produced 
from the root bands at the nodes. The question is often asked as to how long 
these roots can function, and of what use they are in supplying nourishment to 
the growing cane. 

Very little has been done along this line and we find no reference to it in the 
literature. ' 

In order to get some information on this, a test was recently started in pots at 
Makiki. 

Seed pieces of the same size were taken, each having three joints. The two 
end eyes were gouged out of each seed piece. 

In two of the pots the cane was allowed to grow normally. These are pots 
marked A and E, Fig. 1. In the other pots only the roots growing from the seed 



Fig. 1 


piece were .allowed to grow, those coming from the shoots were cut off as they 
appeared. This was done with sharp scissors so as to cause the least disturbance 
to the growing plants (Figs. 3 and 4). — 

The cane remained in the tubs seven months, at which time the stools were 
dug out and the photographs herewith reproduced were taken. 
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The tubs were somewhat small and the cane did not make normal growth, 
but, nevertheless, some very interesting results were obtained. 

In the tubs from which the roots of the shoots were cut off, it was found that 
the roots from the seed piece were alive and functioning. The seed pieces were 
alive and fresh looking (see A and E in Fig. 2). They were not soured and 
contained apparently as much sugar as when planted. This shows that, if neces- 
sary, the growing cane can obtain its food indirectly. The roots on the seed piece 
transfer the food material to the seed piece, from which, in turn, it is taken up 
by the growing cane. This can go on for at least seven months. 



Fig. 2 

Conditions were different in the pots in which no roots were trimmed. In these 
pots the “seed piece” roots were almost all dead, the living ones being from the 
growing stalks. The seed pieces were shrunken and rotted away. The “seed 
piece” roots apparently ceased to function as soon as the stalks had roots of their 
own. When this took place, organisms invaded the seed piece and it began to 
decay. (See B and F, Fig. 2.) 

In the case where the roots were trimmed, the plant was compelled, as pre- 
viously explained, to obtain its nourishment indirectly through the seed piece. 
This made the seed piece an integral part of the growing plant and it remained 
healthy. 

From tliis, it is but a step to the field and some of our practices where we can 
theorize as to what takes place. When it is necessary to off-bar, when is the 





Fig. 3. This shows the complete root system when none of the roots 
have been trimmed. 


proper time to do it? Most of us think the sooner the better. Reasoning from 
the above results, this may be wrong. The old roots of the stool are still func- 
tioning. As long as they do, the stump will remain healthy, as the living plant 
has the power to resist invading organisms. Now, if we come along and off-bar 
deeply and cut off the living old roots before new shoots have appeared and 
formed roots of their own, we stop all life and the old stump will immediately 
begin to rot. Of course, we never cut off all the roots in off-barring and this 
takes place only in part. 

From the above, it would seem that the ideal time to off-bar is after the ratoons 
have begun to grow, but before their roots have attained such length as to be cut 
in off-barring. In this way, we keep the old stump alive until the new stalks 
are self-supporting. 
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Fig. 4. The root system of the seed piece planted 
in pot A. 


U. K. Das, who had active charge of the test, supplies the following details 
of the work: 


Materials 


Pots: Six concrete pots were selected. Three of them, marked A, B and C, 
had a capacity of about 0.9 cubic feet, the other three marked D, E and F, of 
about 0.6 cubic feet. All the pots were filled with a soil mixture consisting of 
field soil and mud press in equal proportions. 

Seed Pieces: Three-joint, one-eye seed pieces were taken from young H 109 
cane and planted on November 9, 1924. 




354 



Fif'. 5. The root system of seed pieee phnited in pot B where the roots 
have been trimnjed from the growing stalk. 


Procedure 

Planting: The cuttings were planted in the concrete pots on the morning of 
November 9, 1924, at a depth of about an inch. The pots were kept in an open 
place. 

Irrigation: All the pots received uniform irrigation (the size of the pot being 
taken into consideration) during the whole period of the experiment. 

Weeding: All the pots were weeded at regular intervals. 

Trimming: As soon as the adventitious roots appeared, they were trimmed 
off with a pair of sharp scissors with the least possible injury to the plants. This 
was done' every two or three days during the initial stages of the experiment and 
at longer intervals during the later stages. 

Growth Measurements: After the plants had grown to a sufficient length, 
monthly growth measurements were taken till the end of the experiment. 


Fig. ii. l*ot C, whi('h received tlu* same treatment as pot B sliowii in 

Fig. 5. 

Results 

The young shoots began to appear on November 19, or ten days after planting. 
The growth thereafter was rather slow. The first adventitious roots were detected 
in some pots on December 28, 1924. From this time on, and for about three 
months, there was a brisk appearance of such roots in all the pots. 

Controls 

The idea of keeping control pots did not come until a little later. On Janu- 
ary 18, two pots, one from among the three big sized pots, and one from among 
the three small sized ones, were marked ^‘checks.’’ Thereafter no roots were 
clipped off from the plants growing in these two pots. 

There was no marked difference in growth and development of the plants. 
The following figures were obtained on the growth of the plants : 
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Fig. 7. The root system of seed piece jdanted in 
pot C where roots have been trimmed. 


TABLE 1 



1924 

1925 

1925 

1925 

1925 

1925 


Dec. 10 

Jan. 18 

Mar. 16 

Apr. 16 

May 18 

June 8 

Pot 

To top 

To topmost 

To topmost 

To topmost 

To topmost 

0 

1 
o 

-M 

o 


of leaf 

dewlap 

dewlap 

dewlap 

dewlap 

dewlap 

A 

... 1.83' 

1.12' 

1.81' 

1.92' 

2.13' 

2.22' 

B (check);,. 

... 1.79' 

.94' 

1.65' 

1.80' 

2.00' 

2.12' 

C 

. . . 1.75' 

.96' 

1.51' 

1.62' 

1.75' 

1.80' 

B 

... 1.08' 

.92' 

1.34' 

1.45' 

1.63' 

1.68' 

E 

... 1.66' 

.93' 

1.31' 

1.37' 

L61' 

1.66' 

F (ch^ck) . . , 

... 1.08' 

.91' 

1.46' 

1.57' 

1.77' 

1.91' 
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Fig. 8. Pot F, wiiicli 

received the same treatment as Figs. 

5 and 6. 



TABLE 

2 




Actual Growth of Plants 


Pot 

*7 an. 10 to Mar. 16 

Mar. 16 to Apr. 

16 Apr. 16 to May 18 

May 18 to June 8 

A 

.69' 

.11' 

.21' 

.09' 

B (check) 

.71' 

.15' 

.20' 

.12' 

C 

.55' 

.11' 

.13' 

.05' 

D 

.42' 

.ir 

.18' 

.05' 

E 

.38' 

.06' 

.24' 

.05' 

F (check) 

.55' 

.11' 

.20' 

.14' 


During the latter stages of the experiment it was evident that all the plants 
were suffering from lack of nutrition. 

It further appeared that the shoots arising from the mother plant in check 
pots were slightly bigger than the ones in the other pots, but the number of 
shoots were more numerous in the other pots. The following figures were obtained 
on June 8, 1925 : 
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TABLE 3 


Pot Total No. of Shoots No. of Shoots Bigger Than 0.5' 

A 13 7 

B (cheek) 8 6 

C 12 7 

D 8 6 

E 7 6 

F (cheek) 6 6 

TABLE 4 

Pot Total Length of All Shoots Bigger Than 0.5' 

A 5.24' 

B (cheek) 7.07' 

C 5.64' 

D 4.00' 

E *. 4.95' 

F (check) 5.18' 


For the purpose of comparison, the pots may be put into two classes, the 
bigger pots, A, B, C, in qne class and D, E, F in another. 

On June 16, the plants were removed from the pots and the soil washed 
away from the roots. 

It was found that every plant had a thick and cornpaCt root system, but in 
the case of some plants, there was no root system corresponding to one or two 
nodes of the seed piece: 

A — All joints of the seed piece have root system. 

B — All joints of the seed piece have root system. 

C — One joint has none, while another has few roots. 

I) — Two joints have no root system. 

E — All joints have root system. 

F — One joint has no root system. 

This information may help us to explain some of the growth measurement 
figures. 

It was also observed that the check Pots B and F had more numerous living, 
healthy roots than others. The living roots (those only which had the color of 
newly germinated roots) were counted. 

Pot Number of Healthy Roots 

A , 80 

B (check) 128 

C 10 (These figures are by all means 

I) 21 only approximate) 

E 8 

F (check) 68 

On cutting the seed pieces it was found that the tissue in seed pieces A and E 
was of normal color and taste. 

The illustrations are by the Pathology department.' 
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Comparison of Juices in Pith and Rind 


• By Wailuku Sugar Company 

In the following experiment mature cane about twenty months old was used. 
Stalks were cut into lengths of about two feet and the rind sliced off as thin as 
possible with a cane knife. The piths and rinds were then run through the hand 
mill separately : 




Brix 

l»0l ’ll 

Purity 

Q. R. 

W 2 

Pith 

20.16 

18.95 

94.0 

6.7 


Rind 

20.16 

18.44 

91.5 

7.1 

Lahain.M 

Pith 

22.16 

21.07 

95.0 

6.0 


Rind 

22.56 

21.04 

93.3 

6.1 


Composite 

22.36 

20.99 

93.9 

6.1 


Hand mill juice samples taken of fields previous to harvesting checked fairly 
closely with the actual results obained at the mill, except in the case of W 2. 
The above experiment was run in order to determine whether or not the dif^ 
ference of purity between pith and rind had any bearing on the matter, because 
of the more complete crushing done in the factory as compared with that of the 
hand mill, which no doubt would give a larger proportion of rind juice in the 
factory sample. 

We intend carrying out similar tests in the coming season to give us more 
definite data. 


The Early Work of Albert Koebele in Hawaii 


By R. C. L. Perkins 

It was in 1890 that Koebele sent Novhis cardinalis to Honolulu from Califor- 
nia, where he had previously established it. Its success in controlling the cottony 
cushion scale, then one of the worst insect pests in the United States, had come 
to the notice of Mr. Jaeger, of Honolulu, who was interested in agriculture and 
horticulture, and it was through his sagacity that specimens were obtained from 
Koebele and introduced into Hawaii. As every one who pays any attention to 
such matters is aware, at this time, and previously, the above-mentioned pest 
was fully as destructive in the Islands as in California (where, of course, the 
interests were much greater) and some other ‘"blights,” as these insect pests were 
frequently termed, were almost equally destructive. 
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Thus we read that coifee, which had been introduced in 1825, by the middle 
of the century had become quite an industry on Kauai, but this was abandoned 
in 1856 owing to the ravages of ^‘blight” said to have been introduced in 1850. 

In 1876, the Rev. T. Blackburn, an expert entomologist in Honolulu, wrote 
that ‘"the fruit trees were afflicted with an incurable blight 7’ 

The success of the Novius, which soon became manifest, led to Koebele’s sub- 
sequent engagement partly by the Hawaiian Sugar Planters' Association and 
partly by the Government, as was urged by Mr. Jaeger. 

Early in 1892, the writer became acquainted with Mr. Jaeger, who was nat- 
urally very enthusiastic, not only about what had already been achieved, but as to 
what further success Koebele might attain. He was very much surprised when 
informed that the latter’s work as an entomologist was little, if at all, known 
except in the United States. 

In 1894, many Coccinellidae were introduced by Koebele, chief among which 
were Cryptolaemus montrousieri and Coelophora inaequalis. In the earlier litera- 
ture the latter is unfortunately always referred to as ''Coccinclla rc panda'' the 
name used by Koebele, and it was not till many years afterwards that we received 
nanred specimens of the true repanda ixom Australia and became aware of this 
error. 

Probably either of these two ladybirds was even more valuable to the Islands 
than the Novius, owing to the fact that they preyed on pests which seriously 
attacked a larger number of plants than did the cottony cushion scale. 

In 1892, throughout the Kona district, where I was then stationed, Pulvinaria 
covered many of the trees, which were in a dying condition and many, in fact, 
were dead. After the Cryptolaemus was taken there, this scale to a large extent 
disappeared. There may be some who still remember the strange appearance of 
the trunks of many of the larger ornamental trees in Honolulu in June, 1896, 
when the Cryptolaeptus larvae, having become full-grown, congregated together 
so as to form large white patches covering several square feet of the surface, 
which was entirely hidden by them. Owing to the white covering of the larvae 
many people mistook these for scale insects and were actually destroying them. 
Photographs were taken of some of these tree trunks and copies are probably still 
extant in the possession of the Territorial Board of Agriculture and Forestry. 

In June, 1895, many of the native trees in the kipukas that are found in the 
forest at various parts within eight or ten miles of the crater of Kilauea were 
covered with a conspicuous black Aphid and others less noticeable. Many of 
the Pelea trees, especially, were in a dead or dying condition, but other forest trees 
were affected. At tj^iis time single specimens of Coelophora were rarely noticed, 
having evidently just arrived at the locality. In September, the ladybirds were 
in thousands and when the same places were revisited in August, 1896, we were 
unable to find even a single specimen of the large black Aphid. 

Other ladybirds introduced at this early period were Rhinobuis ventralis, 
Platyomtis lividigastcr and Orcus chalybeus, all of which were more or less 
successful and useful. Others were fully established.j 3 i large, but later became 
either scarce or totally extinct. The history of some of these is interesting. No 
species appeared more promising for a time than Chilocorus circumdatus. At first 
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the larvae became extraordinarily numerous, entirely clearing some trees of the 
harder scales, but gradually the beetle became rarer and rarer, till after 1900 
I myself saw only a few single individuals. Novitis koebelei, so far as we are 
aware, disappeared still earlier, and so far as we know Synonyche grandis, by far 
the largest of introduced ladybirds, was common for only a very short time on 
some of the ornamental bamboos in Honolulu. Leis conformis, from which 
much was expected, was almost entirely a failure. The pretty Coccinella pupillata 
was noticed from time to time, but not in great numbers. 

During the earlier years of his work, Koebele's visits to Honolulu were short 
and few, his material being liberated by the Commissioner of Agriculture, Joseph 
Marsden. Whatever may have been the latter’s knowledge of agriculture, of 
entomology he had none beyond that of a few Latin names, to repeat which gave 
him a good deal of pleasure. No doubt Koebele's chief success with ladybirds 
as compared with other insects was due to this fact, for when liberated, full in- 
structions having been given as to the place where they were to be turned out, 
they could look after themselves. But many small parasites were also sent, and 
of almost none of these is there any record, except Chalcis obsciirata, which be- 
came very abundant throughout the Islands. As Koebele informed me, his special 
request that all the dead material should be saved for subsequent identification, 
was not attended to in any instance. 

Owing to my own occupation in the forests of the different Islands and to 
Koebele’s infrequent visits to Honolulu, we did not happen to meet during the 
earliest years of his work, but on returning from a considerable stay in the Kauai 
forests in 1895, I found him in Honolulu. Among other matters, we discussed 
the possibility of his economic introductions proving antagonistic to my own work 
on the native fauna, especially as some of the rarer species of native Hemerobiids, 
which had been unusually numerous on the Aphis-infested Pelea trees at Kilauea, 
had disappeared after the introduced Coelophora had eaten up the Aphis. Refer- 
ence was made to this point in a brief account of Koebele’s work which I wrote 
in 1896 and which was published in the following year in Nature, Imperfect 
as this account was, it at least had the effect of calling the attention of most Euro- 
pean countries to his work and its possibilities. 

As it was necessary for me, after I had met him, to do further work in East 
Maui, I persuaded Koebele to accompany me and share my tent, since he was 
anxious to obtain some knowledge of the forest insects, concerning which there 
were complaints. After spending some weeks in the high, wet forest of the 
windward side, we left our tent, and carrying as few impedimenta as possible, we 
worked about the summit and through the crater to the lee side, sleeping in the 
open or in such natural shelters as were available. Being lightly clothed we were 
a good deal troubled by the sharp frosts at night, which appeared abnormally 
cold after the fine hot weather of the daytime. I have referred to this, the first of 
several hard trips we made together, as it gave me the first opportunity to see 
what a very accomplished field worker Koebele had become. He was particularly 
expert at collecting difficult beetles, and had no doubt learned many wrinkles 
from his friend E. A. Schwarz, of Washington, in earlier years. 
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In 1897, I joined Koebele in California and accompanied him to Arizona and 
Mexico, where he hoped to obtain some natural enemy for the mealybug of the 
alligator pear. This had now become an unsightly pest, having been introduced 
since the earlier years of my collecting. The complaints about Lantana were 
already numerous and some preliminary investigation was made of the plant in 
Mexico, but at this time no attempt was made to introduce any of the insects 
attacking it. 

In 1898 and 1899, I was in England working at the Fauna Haumiensis, but 
on my return (early in 1900) to the Islands I was still more in contact with 
Koebele than previously, since we not only made many collecting trips in com- 
pany, but I did much study work in his office. 

In 1900, the presence of a number of insects entirely unknown to me in 1897 
was obvious. Chief among these was the melon fly (Dacus cucurbitae) and the 
cane leafhopper. The latter was noted first as a leafhopper new to the Islands, 
at Waialua, where it occurred in some numbers around the electric lights in 1900. 
Its connection with sugar cane was not known at the time ; in fact not until a year 
or two afterwards, when it was reported by August Ahrens as injuring the cane 
on Oahu Plantation. There is no doubt that as a pest it first showed up on that 
plantation and it was probably introduced, or at least became established there 
first, about the year 1897. Had this insect occurred in earlier years, it is unlikely 
(considering its attraction by light) that T should not have noticed it, and quite 
impossible that Koebele, who was perfectly well acquainted with the accounts of 
the Javanese vastatrix, and was frequently in the cane fields investigating the 
cane borer and other cane insects, should have overlooked it. In fact when he 
first saw the leafhopper in the Islands he took it to be the same as the pest recorded 
from Java. 

Also in 1900, the fern weevil (Syagrius) was first noticed in fernhouses in 
Honolulu on maiden-hair ferns only, and the possibility of its spreading to the 
native tree ferns of the forest was not thought of. 

The introduction of the melon fly must have taken place at about the same 
time. Up to the time when I left the Islands in 1897 melons were almost a drug 
on the market, and except possibly for the Chinese, could hardly have paid for 
raising. After my return, one of the first settlers in the agricultural colony at 
Wahiawa informed me that he considered the presence of the melon fly by no 
means a calamity, as he was able to raise melons by adopting certain precautions 
and obtain a good price for them, whereas formerly it would not pay to grow 
them. The species was first described in 1899 from specimens obtained by 
Mr. Compere in Honolulu. Koebele had, however, previously collected the species 
on one of his trips to the Orient, before it was known in the Islands, and had noted 
it as a pest on plants of the melon family. In 1900, I found Hawaiian melons and 
cucumbers were almost unprocurable. It does not appear that Koebele made any 
concentrated effort to obtain parasites for Dacus, possibly because Compere was 
specially investigating fruit flies at the time. In Mexico, when engaged on Lan- 
tana work, he noted a fine parasite on other fruit flies, but he would not take the 
risk of attempting to send over puparia of these flies, for fear that by some acci- 
dent the flies themselves might introduced. He was always cautious in his 
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introductions and many of the Australian ladybirds he was afraid to send in their 
larval state for fear of introducing their parasites. 

In addition to the one species, Chalcis obsairata, above mentioned, Koebele 
sent over many other parasitic Hymenoptera from various countries, Australia, 
A^merica and the Orient, at a time when he was the only economic entomologist 
connected with the Islands. Many of these were parasites of scale insects and 
AleyrodeSy but Ichneunionidae were sent from America and Braconidac from 
Oriental countries. 

No record exists of the minute scale parasites which were frequently sent. 
For instance, it is quite uncertain whether some of the established parasites on 
scales were the results of his sendings or whether they came by other means, 
but it is hardly probable that of the large number of species sent none survived, 
even though they had no expert handling on arrival. As Koebele was well 
acquainted with the exact localities of the scale insects in various grounds and 
gardens in Honolulu and gave exact directions, as to where the parasites were 
to be liberated, a certain amount of success probably resulted. Although he never 
cared to make any attempt to introduce birds, various species of frogs, toads and 
bats were sent, but the latter at any rate failed to become established, though 
individuals were seen alive for a year after their introduction. 

Of his later work on the Lantana plant, the sugar cane leafhopper and some 
other less important insect pests, fuller published records exist and can be con- 
sulted. 

Koeljele was par excellence a held worker in entomology and his knowledge 
of living insects was of a most extensive character, as at one time or another he 
paid special attention to all orders, but chiefly to Coleoptera and Lepidoptera, to 
some of tile minute Hymenoptera and to scale insects. At one period he did much 
rearing of micro-Lepidoptera for Profes.sor Riley. As may be judged from the 
nature of his held work, the Coccinellidae or ladybirds were his especial favorites, 
and he collected great numbers o*f species in the various countries he visited. He 
was not a great reader of entomological literature, but certain systematic works 
he* used continually, e. g., Maskell’s and Green's Coccidae, and especially Crotch's 
book on the Coccinellidae, which accompanied him on all his travels. Of the 
classiheation and specihe character structures of these groups he had an extensive 
knowledge, though he published no notes of a systematic nature on others except- 
ing some ofheial reports and even these were to him an uncongenial task. 

His success in the held was due to his acute perception of the habits of insects, 
and unsurpassed perseverance, and he was naturally a very quick worker, so that 
with insects that are rare and difficult to obtain he could collect a greater number 
in a given time than most of the best held workers we have known. Under any 
circumstances he was a most pleasant companion on a trip, for even when the 
hardest and most uncomfortable conditions were added to ill success he remained 
cheerful and good humored, hoping to the last to achieve something by which a 
failure might be converted into a triumph. He met with many adventures in his 
varied traveling, and in unhealthy countries contracted many fevers, which failed 
to lessen his enthusiasm for his work, but he rarely spoke of his adventures. In 
his younger days, when collecting in Florida, he was down with severe fever and 
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has told us how, at the time, numbers of a fine Sphingid moth, the caterpillars of 
which he had laboriously collected, were emerging in numbers in the room in 
which he lay, and how he spent the night alternately in killing the specimens, lest 
they should damage themselves, and in lying in a fainting condition on the floor. 
As would naturally be expected, he was the discoverer of great numbers of species 
of insects which were new to science, and many were named after him by their 
describers. 


Biographical Sketch of the Work of Albert Koebele in 

Hawaii 


By O. H. SwEZEY 

Mr. Albert Koebele was the pioneer economic entomologist in the Hawaiian 
Islands. He was one of the first, if not, the very first, entomologist to engage in 
the introduction of their natiiral enemies as a method of combating insect pests. 
.His early work in this line was in California, where he introduced from Australia 
in 1888-89, the lady beetle Noviits cardimlis Muls. as an enemy to the cottony 
cushion scale, Icerya purcluisi Mask., a serious citrus |)est. This was a remarkable 
success, and was considered to have saved the citrus industry from ruin. 

At this time, Koebele was in the employ of the U. S. Department of Agri- 
culture, an appointment which commenced in 1881-82. It was in 1885 that he was 
transferred to the Pacific Coast region, where he established his home at Alameda, 
California. During the several years that he was working in California he was 
chiefly engaged in the introduction of beneficial insects. Two trips were made 
to Australia for this purpose. This period of work ended on September 30, 
1893, when he resigned from the U. S. Department of Agriculture to take u|> 
similar work in Hawaii, at first under a Commissioner of Agriculture of the pro- 
visional government, later as entomologist of the Board of Agriculture and For- 
estry, after the latter was organized, and about 1903 or 1904 was placed on the 
stafif of the Experiment Station, H. S. P. A., as consulting entomologist, which 
position he held at the beginning of the Great War. 

It has been impossible to obtain exact records of the work and travels of 
Mr. Koebele during his early work in Hawaii. However, during 1894-95, he 
made an extensive tour of Australia, Ceylon, China and Japan in search of 
beneficial insects desirable of introduction. Many lady beetles were introduced at 
this time. Among those which have become established and continite effective 
up to the present are Cryptolaemus montroumeri Muls., Rhisobius ventralis Erich, 
from Australia preying on mealybugs; Orcus chalyhaeus (Boisd.), Serangium 
nmculigerum Blkb. from Australia, Chilocorus circumdatus Schon. from China, 
Sticholotis pimctatus Crotch from China, all on diaspine scale insects; Coelophora 
inaeqmlis (Fab:), Platyomtis lividigaster M Diomus notescens (Blkb.) from 
Australia and Coelopkpm pupUlata (Schon.) from Hongkong, all preying on 
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ALBEBT KOEBELE 

EiilargeintMit from a snapshot taken in a Honolulu garden 
about 1900. (Courtesy of W. M. Giffard.) 

j)lant lice. Among parasites that were introduced on this trip are Chalcis ohscurata 
Walker and Mkrobracon omiodivormn (Terry), both from Japan and parasitic 
on leafroller caterpillars, the Mkrobracon being especially effective on the sugar 
cane leafroller. 

In 1896-97 considerable time was spent in Mexico, Arizona and California, 
from which places large quantities of lady beetles were sent, also many kinds of 
cutworm enemies, but apparently these mostly failed to become established. 

In 1899-1900, Koebele went on another trip to Australia, s^^ending some time 
in Fiji on the way, and also going to Hongkong on the return voyage. Many 
shipments of beneficial insects were made on this trip, particularly from Australia. 

During the greater part of 1902, Koebele was studying the insects affecting 
iantana in Mexico, and sending to Honolulu those which he found to be particu- 
larly attached to Iantana and not likely to become injurious to any other plants. 
At that time, Dr. R. C. L. Perkins was employed by the Territory and assisted 
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Koebele in his work. The [mrasitc material sent by Koebele was taken care of by 
Perkins and liberations made in favorable places for them to becoime established, 
at the same time destroying parasites, many of which affected most of the insects 
which it was desired to introduce. The enemies to lantana which were success- 
fully introduced were as follows: Two butterflies, r/tcr/a echion Linn, and 
Thecla agra Hew., whose larvae feed on lantana flowers; two moths, Crocidosema 
lantanae Busck. and Platyptilia ptisillidactyla Walker, whose larvae destroy the 
lantana flower clusters ; a leaf-miner, Cremastobombycia lantanella Busck. whose 
larvae feed inside the leaves ; a leaf-bug, Teleonemia Imtanae Dist., the young of 
which feed so numerously on the under side of the leaves as to destroy them and 
check the new growth of the plant sufficiently as to prevent flowering; a stem 
gall-fly, Exitreia xantkochaeta Aid., whose larvae live in enlargements of the 
freshly growing stems; a seed-fly, Agromyza lantanae Frogg., whose larvae feed 
in the fniits, often destroying the seeds, and usually causing the fruits to dry up, 
so that they are not eaten by birds with the resultant scattering of seeds. The 
combined results of the work of these eight introduced insects is to greatly reduce 
the enormous production of seeds that formerly occurred on lantana and which 
were so widely dispersed by the ripened fruits being eaten by birds. 

During the slimmer of 1903, Koebele investigated leafhopper parasites in Ohio, 
where the writer had published a note on a dryinid parasite of a leafhopper 
occurring in grass lands of that region. He sent many hundreds of these para- 
sites, and other leafhopper parasites that he discovered, to Hawaii to be tried on 
the sugar cane leafhopper which at that time was becoming very destructive on 
many of the sugar plantations. All of these Ohio parasites failed, and in the 
early summer of 1904, with Perkins, Koebele went to Australia in search of leaf- 
hopper enemies. Many were disco^red in Queensland and attempts made at 
their introduction. The only^stifei^essful introductions were four egg-parasites, 
the most important of which was jPara;ia(7r//.9 optabilis Perkins, the second in 
importance beatns Perkins, which was secured in F'iji, where 

Koebele stopj>^^1a short time on the return from this trip. The work of these 
egg-parasites resulted in greatly checking the leafhopper pest so that it was no 
longer a menace to the sugar industry. Another introduction at this time was 
Aphanomerus pusillus Perk., an egg-parasite on the torpedo-bug Siphanta acuta 
Walker, which was a pest on coffee, citrus and other garden and ornamental trees. 

When he returned from Fiji, a short time was spent in Honolulu in the summer 
of 1905, which was the last time Koebele was in Honolulu. He went to California 
shortly afterward, and at different times in 1906-8 attention was given to the study 
of sugar cane insects and their parasites in Mexico and to the enemies of hornfly in 
Mexico and Arizona. A number of minor introductions were made. Those that 
succeeded were : Eucoila impatiens Say from Arizona in 1906, a parasite on 
dipterous larvae in cow dung; Asya luteipes Muls. from Mexico in 1908, a lady 
beetle feeding on Lecanium scales; Hyperaspis jocosa (Muls.), from Mexico in 
1908, a lady beetle feeding on Orthesia insignia Douglas. 

The latter part of 1908, Koebele went to Waldkirdr,- Germany, his boyhood 
home, where he Was bom in 1852. This was mainly as an opportunity for the 
recovery pf his health which had been greatly impaired by so much time spent 




ALBERT KOEBELE 

Enlargement from a family group taken at his former 
home in Germany, earlier than the preceding photograph. 
(Courtes}' of W. M. Giffard.) 


in entomological exploration and research work in fever-infested regions of the 
tropics. While there during the summers of 1909-11, he studied the enemies of 
hornfly, and sent much material to Honolulu, but little, if any, success was obtained 
by this. In 1910, on account of continued failing health, he was relieved from 
active duty, though still retained as Consulting Entomologist by the H. S. P. A. 
He continued living in Germany and was there during the Great War, on account 
of which he was reduced to very meager circumstances and both he and his 
wife suffered great hardships. At the close of the war, as soon as it was learned 
of their circumstances, attempts were made by the Hawaiian Sugar Planters’ 
Association to arrange for their return to their home in Alameda, California. 
By the time that all arrangements were completed, however, he had become too 
feeble for undertaking such a trip. He continued to fail and his death finally 
occurred December 28, 1924, in his 73rd year. 
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The services rendered by Mr. Koebele and the benefits derived by the agri- 
cultural and horticultural interests of Hawaii by his introduction of beneficial 
insects cannot be estimated in dollars and cents. He made the beginning in this 
line of work, and much of the time was working alone, yet seventeen species of 
ladybeetles were successfully introduced by him and have become valuable factors 
in keeping reduced such pests as scale insects, mealybugs, plant lice and leaf-mites. 
At least six other ladybeetles were introduced and became established, but after 
a few years disappeared. The eight lantana insects were introduced by him, 
and about the same number of miscellaneous parasites of Diptera, Lepidoptera, 
etc. Following Koebele in this line of work, the other entomologists have intro- 
duced a larger number of beneficial insects and some of them have produced more, 
valuable results, but this should not in any way lessen the credit to be given to 
him who was the pioneer in Hawaii in this important phase of entomological 
work. 

Papers and reports by Koebele or concerning his Hawaiian work were pub- 
lished as follows: 

Report of a trip to Australia to investigate the natural enemies of the fluted 
scale. U. S. D. A., Ent. Bui. 21, 1890.*’' 

Studies of parasitic and ‘.predaceous insects in New Zealand. Australia and 
^adjacent Islands.* U. S. Dept, of Agriculture, pp. 1-39, 1893. 

Professor Koebele and his work. Planters* Monthly, XV, p. 103, 1896. 

Report on insect pests. Planters* Monthly, XV, pp. 590-598, 1896. 

Report of the entomologist of the Hawaiian government. Planters* Monthly, 
XVI, pp. 65-85, 1897. 

Report of Professor Albert Koebele, entomologist of the Hawaiian govern- 
ment. Planters* Monthly, XVII, pp. 208-219, 258-269, 1898. 

Report of Professor Albert Koebele, entomologist. Report of the Com. of 
Agr. and Forestry for 1900, pp. 36-49, 1901. Also in Planters* Monthly, XX, 
pp. 299-309, 1901. 

Report of Professor Koebele on destruction of forest trees, Hawaii. Rept. 
of the Com. Agr. and" Forestry, Hawaii, for 1900, pp. 50-60, 1901. 

Notes on insects afifectiiig the Koa trees at Haiku forest on Maui. Rept. of 
the Com. Agr. and Forestry, Hawaii, for 1900, pp. 61-66, 1901. 

Report of Professor Koebele on Lantana scale, Rept. of the Com. Agr. and 
Forestry, Hawaii, for 1901-02, pp. 54-65, 1903. 

Report of Professor Albert Koebele. Third Report of the Board of Com. of 
Agr. and Forestry, Hawaii, for 1906, pp. 159-164, 1907. 

Insect investigations in Mexico. Fourth Rept. Board of Com. of Agr. and 
Forestry, Hawaii, pp. 89-97, 1908. 

Report on the enemies of Lantana caniara in Mexico, and their introduction 
into the Hawaiian Islands. Ent. Bui, No. 16, Exp. Station, H. S. P. A., pp. 
54-71, 1923. 


*This paper is concerned with Koebele ’s work before coming to Hawaii, but the 
knowledge gained thus was of great assistance when he begaiL-^here, and deals with the 
same species as many of his early introductions to Hawaii, 
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Records of Introduction of Beneficial Insects Into the 

Hawaiian Islands 


By O. H. SwEZEY 

Apparently the first beneficial insect purposely introduced into Hawaii was 
the ladybeetle {Novins cardinalis Muls.), which is an enemy of the cottony cushion 
scale (Icerya purchasi Mask.). This was introduced from Australia in 1890 
(probably via California) by Mr. Albert Koebele, who was engaged at that time 
in introducing beneficial insects into California to attack their orchard pests. 

Since that time, there have been many species of beneficial insects successfully 
introduced into Hawaii, from various parts of the world, and by several institu- 
tions here. Mr. Koebele was engaged for this work in 1893. Between that time 
and 1904 many valuable ladybeetles were introduced, also parasites of scale 
insects. In 1904 the Experiment Station of the Hawaiian Sugar Planters’ Asso- 
ciation began introducing parasites for the sugar cane leafhopper, and has con- 
tinued the work of introducing beneficial insects for one insect pest or another 
ever since. The Territorial Board of Agriculture and Forestry has also been 
active in this line of work ; the United States Experiment Station and the Hono- 
lulu office of the United Stales Bureau of Entomology have also had a share in 
this important work. 

The records of these introductions are very scattered, and in some cases very 
obscure, possibly entirely lacking in many cases. Herewith an attempt is made to 
put together for convenient reference the records of all successful introductions, 
so far as they could be found. They are grouped according to the various pur- 
])oses for which they were introduced. The date of introduction is given, so far 
as known, the country from which introduced, and the particular pest on which 
it preys. 

At the time when these various insects were being introduced, many others 
were experimented with, perhaps ten times as many as are included in this list. 
Some of these, for one reason, and some for another, have failed to become 
established. Possibly there are others of them that did succeed in becoming 
established, but not in sufficient abundance for them to come to our notice. In 
any such cases, of course, very little benefit could be derived from them. The 
majority of those listed have been of great benefit, and in some cases their particu- 
lar host pests are entirely under control. 

Ladybeetles Preying on Scale Insects, Mealybugs, Etc. 

1890. Novius cardinalis Muls. From Australia via California. On cottony 
cushion scale. 

? 1 Novius koehelci. From Australia via California. On cottony cushion 

scale. 


1 Abuiidant in 1897, but later disappeared. 
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1894. Cryptolaemus montrouzieri M\x\s, From Australia via California. ? On 
mealybugs. 

1894. ^ Rkisobius ventralis Erich. From Australia via California. On mealy- 

bugs. 

? ^ Cryptogmus orhiciilus {Gy\h). Japan. On mealybugs. 

1895, 1906, 1914, Nephus sp. near bipnncfaitis Kugel. Japan, South China, 

' Philippines. On mealybugs. 

1894. Orcus chalybaetts (Boisd.). Australia. Diaspine scales. 

1894. Serangiurn maculigernm Blkb. Australia. Diaspine scales. 

? Lindorus lophanthae Blaisd. California. Diaspine scales. 

1895. Chilocorus circumdatus Schon. South China. Diaspine scales. 

1895. Sticholotis punctatus Crotch. China, Japan. Diaspine scales. 

1895. Pcntilia nigra Weise. China, Japan. Diaspine scales. 

1908. Azy^ luteipes Muls. Mexico. Lecaniinae. 

1908. Hyperaspis jocosa (Muls.). Mexico. Orthczia. 

1922. Cnrinus cocruleus Muls. Mexico. Pscudococciis nipae. 

1922. Hyperasps silvestrii Weise. Mexico. Pscudococciis nipae. 

1922. Nephus sp. Mexico. Pscudococciis bromeliac. 

1922. Diomus sp. Mexico, Mealybugs. 

1922. Diomus sp. (four-lined). Mexico. Mealybugs. 

CoCCID PARA.SITES 

1894. ? Aspidiotiphagus citrimis Craw. China, Japan. On diaspine scales. 
1905. Scutellista cyanca Motsch. California. Saissetia nigra. 

1908. Comperiella bifasciata How. Japan. Diaspine scales. 

1915. Leptomastidea abnormis (Gir.). Sicily via California. Pscudococciis 
kraunliiae. 

1922. Pseudaphycus utilis Timb. Mexico. Pscudococcus nipae. 

1922. Coelaspidia osborni Timb. Mexico. Pscudococcus calccolarkie. 

It is probable that many of the other parasites established in the Hawaiian 
Islands on introduced Coccids are some of those that were purposely introduced, 
but on account of their identity not being known at the time of introduction 
definite records are lacking. 

Ladybeetles Preying on Plant Lice 

1893. ^ Coccinclla calif ornica Mann. California. (Disappeared after 1896.) 

1894. Coelophora inaequalis (Fab.). Australia, Ceylon, China. 

1894. Platyomus lividigastcr Muls. Australia. 

1894. Diomus notescens (Blkb.). Australia. 

1 Abundant in 1897, but later disappeared. 

2 The ladybeetle introduced under this name, and for a long time considered as such, 
has recently b^n shown by Mr. Tiraberlake to be a species of Lindorus. 

3 Recorded as introduced, but this name is used by Koobele ijtj^correctly, and the 
species supposedly introduced, although established, is as yet undetermined. 

4 0oubtfully established. 

s^Again introduced in but failed. 



371 


1895. Coelophora pupillata (Schon.). Hongkong. 

Before 1894. ^ Caltincda conformis (Boisd.). Australia. (Disappeared after 
1906.) 

1895. Synonyche grandis Thun. China, Japan. (Disappeared after 1896.) 
1895. V crania discolor Fab. Hongkong. (Disappeared after 1896.) 

1895. Coelophora biplagiata Swartz. Hongkong. (Disappeared after 1896.) 

Scymnus, several undetermined species introduced ; details of introduction 
not known. 


Other Enemies of Plant Lice 

Syrphid flies and Chrysopid flies were reported established by Koebele in 1897. 
It is not known which species, nor where from, nor when introduced. 

1904. Chrysopa sp. Australia. 

1907. Trioxys sp. ? California. Parasite on orange Aphis. 

1919. Micromus znyiaceus Gerst. Queensland. 

1923. Lysiphlchus testaccipes (Cress.). California. 

Enemies of the Sugar Cane Leafhopper 

1904. Paranagrus optabilis Perkins. Queensland. Egg-parasite. 

1904. Paranagrus perforator Perkins. Queensland. Egg-parasite. 

1904. Anagrus frequcns Perkins. Queensland. Egg-parasite. 

1905. Ootctrastichus bcatus Perkins. Fiji. Egg-parasite. 

1906. Haplogonatopus vitiensis Perkins. Fiji. Parasite on nymph. 

1907. Pseud ogonat opus hospes Perkins. China. Parasite on adult. 

1916. Ootctrastichus formosanus Timb. Formosa. Egg-parasite. 

1920. Cyrtorhinus inwndulus (Bredd,). Queensland and Fiji. Predacious on 

eggs. 

Bruchid Parasites 

1910. Uscana semifumipennis Gir. Texas. Egg-parasite. 

1910. Heterospilus prosopidis Vier. Texas. Parasite on larva. 

1921. Lariophagiis texanus Cwfd. Texas. Parasite on larva. 

1921. Urosigalphus bruchi Cwfd. Texas. Parasite on larva. 

1921. Glyptocolastes bnichivorus Cwfd. Texas. Parasite on larva. 

1921. H orAsmenus sp. Texas. Parasite on larva. 

Fruit-Fly Parasites 

1913. Opitts humilis Silv. South Africa. On larva of Ceratitis capitata. 

1913. Diachasma tryoni Cam. Australia. On larva of Ceratitis capitata. 

1914. Diachasma fullawayi SWv. Africa. On larva of Ceratitis capitata. 

1914. Tetrastichus giffardianus Silv. West Africa. On larva of Ceratitis 

capitata. 

1913. Dirhinus giffardii Silv. West Africa. On pupa of Ceratitis capitata. 

0 Again introduced in 1904, but failed. 
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1913. ^ Galesus silvestrii Kieifer. West Africa. On pupa of Ceratitis capitdta, 
1916. Opins fletcheri Silv. India. On Wva of Bactrocera cucurhitae. 

Other Enemies of Diptera 

1906. Eucoila mpatiens Say. Arizona. On larva of Sarcophaga, 

1909. Bathymetis sp. Germany. On puparium of horn-fly. 

1909. Hister bimaeulatus L. Germany. Predacious on maggots. 

1913. Muscidifurax raptor Gir. & Sand. South Africa. Parasite on puparia. 

1914, Pachycrepoiddus dubitis Ashm. Philippines. Parasite on puparia. 

1914. Spalangia philippinensis Ful. Philippines. Parasite on puparia. 

1914. Spalangia sp. Africa. Parasite on puparia. 

1921. Creophilus erythrocephalus Fab. Australia. Predacious on maggots. 

Parasites of Leafrollers and Armyworms 

1895. Microbracon omiodivorum (Terry). Japan. On larva of leafrollers. 
1895. Chalets obscurata Walker. Japan. On pupa of leafrollers, etc. 

? Amblyteles koebel^i (Sw.). California. Army worm parasite. 

? Amblyteles purpunpennis (Cress.). California. Armyworm parasite. 

? Frontina archippivora Will. North America. Armyworm parasite. 

1923. Euplectrus platyhypenae How. Mexico. Armyworm parasite. 

1924. Archytas sp. Mexico. Armyworm parasite. 

Miscellaneous 

1904. Aphanomerus pusillus Perk. Queensland. Egg-parasite of Siphanta 
acuta. 

1909. Blastophaga psenes (Linn.). California. Caprifier of edible fig. 

1910. Ceromasia sphenophori Vill. New Guinea. Parasite of larva of Rliab- 

docnemis obscura. 

1916. Paranagrus osborni Ful. Philippines. Egg-parasite of corn leafhopper. 

1916. Scolia manilae Ashm. Pliilippines. Parasite of larva of Anomala and 

Adoretus. 

1917. Dolichurus stantoni Ashm. Philippines. Parasite on nymph of roach. 
1921. Ischiogonus syagrii Ful. Australia. Parasite of larva of Australian fern 

weevil. 

1921. Pleistodontes froggatti Mayr. Australia. Caprifier of Ficus macrophylla. 

1922. Pleistodontes imperialis Saund. Australia. Caprifier of Ficus rubiginosa. 
1922. Notogonidea luzonensis Rohwer. Philippines. Parasite of field cricket. 

? Stethorus %'agans Blackburn. Predacious on leaf-mites. 

1922, 1925. Bactra truculenta Meyr. Philippines. Borer in nut grass. 

Lantana Insects 

1902. Agromyza lantanae Mexico. Larvae in seeds. 

1902. Theda echion Linn. Mexico. Larvae on flowers. 

1^2. Theda agra Hew. Mexico. Larvae on flowers. 

T Bwubtf uliy established. 



373 


1902. Crocidosema lantana Busck. Mexico. Larvae in flower clusters. 

1902. Platyptilia pusillidactyla Walk. Mexico. Larvae in flower clusters. 
1902. Cremastobombycia lantanella Busck. Mexico. Leafminer. 

1902. T eleonemia lantanae Distant. Mexico. Leaf-bug. 

1902. Eutreta xanthochaeta Aldrich. Mexico. Stem gall-fly. 

INTBODUOED INSECTS WHICH FAILED TO BECOME ESTABLISHED 

Among the large number of beneficial insects whose introduction has been 
attempted in Hawaii, by far the larger number have failed. It is impossible to 
give a complete list of all of these, as for many of them no records were kept, 
especially as in many cases their identity was not known, and since they failed 
to become established no attempt was made at determining them. In the lists 
as here given those are included that are not as yet known to have become estab- 
lished, although they may yet be found established later on. Sometimes an intro- 
duced insect has not been recovered for several years after its introduction. Then, 
too, some may be included which became established at first but have disappeared 
and have not been recovered in more recent years. Some are of too recent intro- 
duction for their establishment to be known as yet. 

These lists are grouped according to their hosts, or the purpose for which 
they were desired. 


Introduced Ladybeetles that Failed 



Ladybeetles 

Locality 

Host 

1891. 

* Chilocorus bivulnerus Muls. 

California 

Lecaniutn, etc. 

1893, 

1906. Hyperaspis postica Lee. 

California 

Mealybugs 

1893. 

Hyperaspis depressa Casey 

California 

Mealybugs 

1893. 

Hyper as pidius com par at us Casey 

California 

Mealybugs 

1893. 

Scymnus sp. 

California 

Mealybugs 

1894. 

t Hyperaspis umiulata Say 

California 

Mealybugs 

1895, 

1906. Rhodolia fumida Muls. 

China 

leery a pure hast 

1895. 

Rhodolia pumila Weise 

China 

I eery a pure hast 

1895. 

Synonyche grandis Thun. 

China 

Plant lice 

1895. 

Veranici discolor Fab. 

Hongkong 

Plant lice 

1895, 

1905. Chilocorus similis Rossi 

Japan 

Scale insects 

1895. 

Hyperaspis japonica (Crotch) 

Japan 

Mealybugs 

1896, 

1905, 1910. Hippodamia convergens 




Gtier. 

California 

Plant lice 

1896. 

Cycloneda sanguinea Linn. 

California 

Plant lice 

1896, 

1902, 1906, 1908. Chilocorus cacti 




Linn. 

California and 




Mexico 

Scale insects 

1896, 

1902, 1906. Hyperaspis lateralis 




Muls. 

California and 




Mexico 

Mealybugs 


* This species was again introduced in 1894. It was found breeding in 1896, but later 
disappeared. 

t Several species of Byperaspis and large quantities of other California ladybeetles were 
introduced in 1894. H. undulata was observed 10 months later. None of them found since. 
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1896. 

Psyllohora iaedata Lee. 

California 

Oidium 

1899, 

Anisorcus oMnis Crotch 

Fiji 

Scale insects 

1904. 

Neda testudimria Muls. 

Australia 

Plant lice and young 
leaf hoppers 

1904, 

1906. V crania lineola (Fab.) 

Australia and 



Fiji 

Plant lice and young 
leaf hoppers 

1904. 

V crania frdnata (Erich.) 

Australia 

Plant lice and young 
leafhoppers 

1904. 

Orcus cyanocephaltts Muls. 

Australia 

Plant lice and young 
leafhoppers 

1904. 

Orctis biiunulatus (Boisd.) 

Australia 

Plant lice and young 
leafhoppers 

1904. 

Orcus lafertei Muls. 

Australia 

Pseudococcus nipaef 

1904. 

Platyomus koebelei Blkb. 

Australia 

Coccidae 

1905. 

Hippodamia ambigua Lee. 

California 


1905. 

Coccinetla calif arnica Mann. 

California 


1906. 

Archaioneda tricolor var. fijiensis 

Plant lice and young 


Crotch 

Fiji 

leafhoppers 

1906. 

Reddish yellow ladybeetle 

China 


1906. 

Exochomus pilatei Muls. 

Arizona 

Avocado mealybugs 

1906. 

Exochdmus mar^inipennis Lee. 

Arizona 

Avocado mealybugs 

1906. 

Hyperaspis limbaius Casey 

California 

Mealybugs 

1906. 

Thalassa montezumae Muls. 

Arizona 

Lecaniid 

1907. 

Hyperaspis 8-notata Casey 

Mexico 

Avocado mealybug 

1909. 

Adalia bipunctata L. 

Germany 

Plant lice 

1909. 

Coccinella septempunctata L. 

Germany 

Plant lice 

1911. 

Coccinella bipunctata L. 

Germany 

Plant lice 

/1913. 

Coccinella bruckii Muls. 

Japan 

Plant lice 

1919. 

Coccinella arena ta Fab. 

AuvStralia 

Plant lice 

1919. 

Coccinella repanda Thunb. 

Australia 

Plant lice 

1924. 

Several ladybeetles 

Canal Zone 

Pineapple mealybug 


Other Scale Enemies 


1904. 

Chalcid 

Australia 

Mealybugs 

1904. 

Thalpochares sp. 

Australia 

Eriococcus 

1906. 

Chalcid 

Arizona 

Mealybugs 

1910. 

Chalcids 

Germany 

Coccids 

1924. 

Chalcids 

Canal Zone 

Pineapple mealybug 


Introduced Leafhopper Enemies that Failed to Become Established 


1903. 

Several dryinids 

Ohio and 
California 

Parasites on young 

1903. 

Anagrus cohimbi Perk. 

Ohio 

Egg parasite 

1904. 

Epipyrops, seytrB\ species 

Australia 

Predacious 

1904. 

Earwigs 

Australia 

Predacious 

1904. 

Several dryinids 

Australia 

Parasites on young 

1905. 

' Stylopid 

Fiji 

Parasite 

1916. 

Ootetrasiichus sp. 

Formosa 

Egg parasite 

1919. 

Drypta australis Dej. 

Queenslamt 

Predacious 

1919. 

Drypta^ 2 other species 

Queensland 

Predacious 

1919. 

Paedcrus sp. 

Queensland 

Predacious 
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Anomala and Adoretus Enemies that Failed 


1896. Sarcophaga sp. 


Mexico 


1913, 1916. Tiphia sp. 

1915-16. Craspedonotus tibialis Schaum 
1916. Tiphia lucida Ashm. 

1916. Tiphia segregata Crawf . 

1916. Tiphia ashmeadi Crawf. 

1916. Prosma sp. 

1916. Dexia sp. 


Japan 

Japan 

Philippines 

Philippines 

Philippines 

Philippines 

Philippines 


Parasite on Scarabaeid 
beetle 

r^arasite on grub 
Predacious 
Parasite on grub 
Parasite on grub 
Parasite on grub 
Parasite of grub 
Parasite of grub 


Enemies of Armyworms and Cutworms that Failed 


1896, 1906. Tetracha Carolina Linn. 

1896. Omus calif ornicus Esch. 

1896. Cychrus cristus Harr, 

1896. Cychrus intcrruptus Min. 

1896. Cychrus striatopunctatus Chd. 
1896. Calosoma, 5 species 
1896. Pasimachns tolucanus Chd. 
1902. Microgastcr sp. 

1902. Braconid ? 

1902. Euplectrus sp. 

1906. Calosoma simplex Lee. 

1906. Calosoma, other species 
1919. Chlacnius sp. 

1924. A panicles militaris (Walsh) 

Enemies of Hornflv and ( Ithei 

1898. Hister sp. 

1902. Dung beetles 
1902, 1904. Dung beetles 
1905. Dung beetles 

1905. Braconid 

1906. Eutrias sp. 

1906. Histerids 

1906, 1922. Pinotiis colonicus (Say) 

1906. Dung beetles, 6 species 
1908. Philonthus acncus Rossi 

1908. Spalangia sp. 

1 908- 1 2 . Figites sp. 

1909. S phaeridium scarabaeoidcs L. 

1909. Aphodius fimetarius (L.) 

1909- 10. A tract odes sp. 

1909-10. Alysia sp. 

1910. Small Staphylinids 
1910. Small Hydrophilids 

1910. Onthophagus nuchicornus (L.) 

1911. Polietes lardaria Fab. 

1914. Staphylinid beetles 
1919, 1922. Onthophagus sp. 

1921. Onthophagus sp. 

1922. Several kinds of dung beetles 


Mexico, 


Arizona 

Predator 

California 

Predacious beetle 

California 

Predacious beetle 

California 

Predacious beetle 

California 

Predacious beetle 

Mexico 

Predacious beetle 

Mexico 

Predacious beetle 

Mexico 

Internal parasite 

Mexico 

External parasite 

Mexico 

External parasite 

Arizona 

Predator 

Arizona 

Predator 

Australia 

Predator 

Mexico 

Parasite 

Dipterous Maugots that Failed 

Mexico 

Predacious 

Mexico 


Australia 


Australia 


Australia 

Parasite 

Arizona 


Arizona 


Arizona and 


Mexico 


y\rizona 


( Germany 

Predacious 

(iermany 

Parasite 

(Germany 

Parasite 

( iermany 

Predacious 

(Germany 


(Iermany 

Parasite 

(xermany 

Parasite 

(Germany 

Predacious 

(Germany 

Predacious 

(xermany 


(xermany 

Predacious maggots 

N. Africa 

Predacious . 

Australia 


Philippines 


Mexico 




dit) 



Miscellaneous 

1905. 

Leaf hopper 

Australia 

1907. 

Histerid 

Java 

1908. 

Elaterid 

Amboina 

1908. 

Histerid 

Amboina 

1910. 

Pimpla behrenzii Cress. 

California 

1910. 

Chalets ovata Say 

California 

1910, 1919. Pteromalus puparum (Linn. 

) California 

1913. 

Aphidius sp. 

Japan 

1913. 

Lysiphlebus sp. 

Japan 

1916. 

Apanteles sp. 

Formosa 

1919. 

Chelonus sp. 

Australia 

1921, 

1925, Fig wasps for Ficus refusa 

Hongkong 

1921, 1925. Larra lu^^onensis Rohw. 

Philippines 

1922. 

Larra sp. 

Philippines 

1922. 

Odynerus luaonensis Rohw. 

Philippines 

1922. 

Ichneumonid 

Philippines 

1922. 

Euplectrus sp. 

Philippines 

1922, 

1925, Curculionid 

Philippines 

1923. 

Diaeretiis sp. 

California 

1923. 

Aphelinus sp. 

California 

1923. 

Syrphus nitens (Zetter) 

California 

1923. 

Syrphus opinator O. S. 

California 

1923. 

Catabomha sp. 

California 

1923. 

Eupeodes volucris O. S. 

California 

1923. 

Scaeva pyrastri ( L. ) 

California 

1923. 

Allograpta sp. 

California 

1923. 

Myiophasia metallica Towns, 

Mexico 

1923. 

Phanurus sp. 

Mexico 

1924. 

Podium haematogastrum Spin. 

Para, Brazil 

1924. 

Larra, 2 species 

Para, Brazil 

Lantana In.sects Whose Introduction from Mexico 

Failed to Establish 


On dodder (Cuscuta) 
Predacious on cane 
borer 

Predacious on cane 
borer 

Predacious on cane 
borer 

Parasite on leaf rollers 
Parasite on leafrollers 
On cabbage butterfly 
Parasite on plant lice 
Parasite on plant lice 
Parasite on pink boll- 
worm 

Parasite on koa seed 
moth 

On mole cricket 
On mole cricket 
On bean butterfly 
On bean butterfly 
On looping caterpillar 
Borer in nut grass 
Parasite on Aphis 
Parasite on Aphis 
Predacious on Aphis 
Predacious on Aphis 
Predacious on Aphis 
Predacious on Aphis 
Predacious on Aphis 
Predacious on Aphis 
Parasite on cane borer 
Egg-parasite of Zelns 
Parasite of roach 
Parasite mole cricket 

WAS Attempted but 


1902. Aerenicopsis championi Bates. A Cerambycid beetle whose larva bores 
the stem. 

1902. Evander xanthomelas Guer. A Cerambycid beetle whose larvae are borers 
in the base of stem and roots. 

1902. Apion 2 sp. Curculionid beetles whose larvae feed in the seeds. 

1902. Cecidomyiid fly whose larvae feed in flower g^lls. 

1902. Theda pastor Druce, and two other species of Theda butterflies whose 
larvae feed on flowers. 

1902. Tephroclystis sp. A Geometrid moth whose larvae feed on the flowers. 

1902. Hepiahts sp. A moth whose larva bores the stem. 

1902. Crocidosema sp. A Tortricid moth whose larvae feed on flower heads 
and maturing seeds. 

1902. Octotoma scabripennis Guer, A beetle whose larvae are leaf miners on 
lantana. 
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A Report on Mechanical Methods in Dusting Cane Fields 


By H. Atherton Lee, J. P. Martin and Clyde C. Barnum 

The use of fungicides in preventing fungus diseases of plants has been in use 
for almost a century. Such fungicides have chiefly been used in the form of liquid 
sprays and such liquid sprays in cane fields have never been feasible because of 
the large areas to be covered and the impassable condition of the crop after the 
cane is a few months old. On some crops liquid sprays have also been used to 
supply plant nutrients, as in the case of iron sulphate for pineapples and sodium 
nitrate, in one instance, on apples. 

More recently, possibly within the last ten years, the use of fungicides in the 
form of dry dusts has been adopted for a number of garden and orchard crops. 
Several fungus diseases of plants have been very successfully held in check by 
such fungicidal dusts. With the increasing use of dust fungicides there has been 
a development of mechanical equifinxent for their application. This led to the 
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Fig. 2. 81iowiiig the ’(lusting ma(‘hine and (engine mounted on a motor truck. 


belief that possibly the same mechanical equipment, with modifications, could 
be used in applying dust fungicides over the large areas of the cane fields of the 
character found in these Islands for preventing fungus diseases. 

The Nature of the Dusting Eijuipment 

A dusting machine, manufactured by the Bean Spray Pump Company, of San 
Jose, California, was secured. It consists of a hopper which holds the dust and 
contains an agitator to prevent the dust from clogging, a horizontally placed fan 
which is driven at 2,500 revolutions per minute, ahd an outlet tube of about 
four inches in diameter and six feet in length. The fan and agitator are belt- 
driven by a four-horse-jx)wer engine. 

It was our idea that this equipment could be mounted on a light motor truck 
or cane car and the dust applied from the edges of the field. It seemed possible, 
also that in the event of inability to reach all parts of a field a narrow cart drawn 
by a mule could be specially constructed to be driven along the level ditches. 
To the present time, however, such a cart has not been necessary. 

Important modificatiohs in the equipment have been made by W. A. Wolters, 
of the Oahu Sugar CoJmpany, which have greatly simplified the work and in- 
creased the efficiency of the duster. A drawing showing the inachine with 
Wolters’ large-sized hopper, oak platform, outlet-tube support and modified outlet 
is shown in Fig. 1. A photograph of the equipment is shown in Fig. 2. 

The, studies in the prevention of eye spot were divided into two projects, the 
first to test the mechanical ability of this equipment to economically place the 
dust on the large cane fields, which are usual in these- Islands, and the second 
to test out various fungicidal dusts for their toxic effect upon the fungus which 
causes eye spot. This report covers the 'progress in the first of these projects 
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only ; that is, the tests to determine the mechanical ability of the dusting equip- 
ment to place the fungicide in a satisfactory manner on the cane over the large 
areas of our cane fields affected with eye spot disease. 

Methods of Dust Application 

It was first found that winds are not an aid in placing the dust on the cane 
but that the apparently still air in the early morning hours is essential for the 
dust applications. In the hours between 5 :30 and 8:30 a. m. there is usually no 
perceptible wind, although on putting a few puffs of the dust in the air the move- 
ment of the dust usually shows very slow air currents. Such air currents, more- 
over, are usually fairly uniform for each field, and with one or two early morn- 
ing trials, experience is gained which can be followed throughout the rest of the 
season’s applications. 

Dew upon the leaves in the early morning hours is also an essential feature. 
The dust spreads upon coming in contact with the moisture and as the dew dries 
the film of moisture and partially dissolved dust form a close adherence with the 
leaf. Applications of dust under such conditions are entirely resistant to winds 
and mild rains, although beating rains wash off the film to a considerable extent. 

Probably the most satisfactory evidence of the distribution of the dust over 
the cane is shown by the photographs in Figs. 3, 4, 5, 6 and 7. By the use of dis- 
cretion in placing the dusting machines in reference to the air currents, the appli- 
cation of the dust on the cane has been successful beyond our expectations. In 
some fields the early morning air currents do not allow the dust to be placed on 
certain small areas. It is often possible in such instances to take advantage of the 
first northeast winds, which arise a few hours after sunrise, to reach these spots 
with the power duster. However, when such a change does not work to advan- 
tage, laborers with hand dusting machines, or machines on mules, can be advan- 
tageously used in such small areas. 

Good organization of the work is also indispensable. There are usually but 
three or at most four hours in the early morning when the best results can be 
ol)tained. For this reason in order to cover large areas mechanical diftu'ulties 
should be foreseen and avoided, supplies should be on hand and a schedule of 
fields and plan of the work be in mind before the beginning of the work. There 
are a number of small points which the truck drivers and the machine operators 
learn only by experience and it was found that inexjierienced labor often cause 
losses of .considerable periods of time. For this reason the same crews are used 
for the work throughout the season. An experienced crew consisting of a truck 
driver and two machine operators with a skilled employee to observe the placing of 
the dust and direct the crew is ample for the operation of the equipment. In 
time it would jxissibly be practical to dispense with the skilled employee. 

Costs of Dusting 

An approximate average of thirty acres a day has been dusted during the 
past season and a possibility of eighty to one hundred acres a day may be 
achieved with the machines equipped with the Wolters’ modifications. Depend- 
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Fig. 4. Showing the extent of the distribution of the dust in the Mokuleia section at 

Waialua. 


ing on the efficiency of the crew, the cost of labor and equipment in dusting has 
in the past varied between 35 and 50 cents per acre, exclusive of the cost of 
the dust. This cost can be greatly reduced with greater experience and efficiency. 
In the trial applications an average of 20 pounds of dust to the acre has been 
used at each application; the dust in use has cost 1.15 cents a pound. It is 
possible that with experience the amount per acre can be reduced and in large 
quantities the cost per pound can be reduced. The maximum cost per acre, there- 
fore, is 23 cents for the dust and 50 cents for the labor, or 75 cents total cost ; 
with high efficiency the cost may be brought down to a much smaller figure. Even 
at the maximum cost, twenty applications per year could be made profitably in 
some of the severely afifected eye .spot areas, although with favorable weather 
conditions in many seasons, only ten applications or less may be necessary. 

The dust used against eye si)Ot during the past season (1924-1925) was admit- 
tedly a very weak fungicide. We have dusts available for next season's work 
which are more satisfactory, but we feel that it may be possible to obtain a still 
more eflfective dust with further research. 



Fig. 5. Another view in the Mokuleia section at Waialua. 
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rig, 6. A rear view of the apparatus and truck in opexatloR at Waipahu. 
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Figf. 7. Showing the way the dust penetrates and infiltrates throuj^h the cane, reaching 
not only the topmost leaves but practically all parts of the plant. 


Our conclusions from the first season’s experiments are: (1) that mechani- 
cally there is no difficulty in placing dust fungicides on any of our cane fields, 
and (2) that our dust mixture for last season was entirely too mild as a fungicide 
for eye spot and that a more effective dust is necessary. 

Other Uses for Dusts 

It has seemed to us that there may be other advantageous uses for these 
dusting methods. Other diseases may be attacked by dust applications. In the 
event of the introduction of a new infectious disease, disinfectant dusts could be 
used to minimize the spread of the infection until total eradication could be 
effected. If the dusting methods continue on to a successful plantation practice, 
it would seem that an added security to the industry against cane diseases is 
available. 

The use of dusts in applying nutrients also comes to mind. Ballard in Cali- 
fornia obtained a very beneficial effect on apple trees by spraying with sodium 
nitrate. Other possibilities suggest themselves. With the ability to economically 
place materials on the aerial parts of cane plants a new field is opened for methods 
in increasing yields and lessening losses. 

It has seemed possible to us that airplanes could be advantageously used ; the 
use of airplanes would, possibly, secure a better distribution of the dust. A 
slightly increased cost per acre could be allowed and still be advantageous to 
obtain the surety of the uniformity of distribution by airplanes. 

This work with the dusting machines has only been possible with the coopera- 
tion of the other members of the Experiment Station staf?. H. P. Agee, the 
Director, particularly has aided the work administratively and with valuable sug- 
gestions. E. W. Greene, manager of the Oahu Sugar Company, has placed the 
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use of his machine shop at our disposal and with George F. Renton, Jr., and 
J. B. Thomson, has encouraged and supported the work. A good start has been 
made in making the dusting of cane fields an established plantation practice, 
although to be conservative, unforeseen natural difficulties may still be expected 
until the work has been successfully carried on for several years. 


Irrigation Investigations at Waimanalo 


By Guy R. Stewart 

The first report on the cooperative irrigation investigations at Waimanalo 
appeared in the Record of April, 1924. The present report deals with the con- 
tinuation of these studies. The period covered here is slightly over a year, 
being from December 1, 1923, to December 30, 1924. The work was continued 
on a cooperative basis between the Chemistry department of this Station and 
Waimanalo Sugar Company. William Weinrich conducted the field work until 
October, 1924, when it was taken over by T. K. Beveridge. 

Lines of Work Undertaken 

The following lines of work have received attention during the past year: 
Irrigation Experiments, 

Water Supply Studies, 

Determination of Seepage Losses, 

Measurement of the Distribution of Water to the Fields. 

Irrigation Experiments 

We continued the experiments in Fields 8, 22 and 15, the preliminary results 
of which were given in our report last year, and started an additional experiment 
in Field 4. 


Harvesting Results, Fields 8 and 22: 


The experiments in Fields 8 and 22 were harvested in the 1924 crop and a 
summary of the yields obtained is given in Table I : 


TABLE 1 

Amounts of Water Applied and Yields Obtaineid in Irrigation Experiments 1924 Crop 


Field 8 

Treatment Irrigation applied Yield in tons 

during experiment sugar per acre 

Crop Cane 17.17 in. 10.27 

Extija Irrigation.... 53.13 in. 11.71 


Field 22 

Irrigation applied Yield in tons 
during experiment sugar per aero 
19.38 ip. 6.13 

56.11 in. 6.95 
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It will be remembered that these experiments in Fields 8 arid 22 were started 
with cane which was in its second season^s growth, about 12 months of age. 
The period in which extra irrigation was applied was from July 1st to November 
15, 1923. After this time the rainfall was sufficient for the further growth of 
the crop. When our work was first undertaken at Waimanalo we were especially 
asked to find whether additional irrigation water would give as good cane 
growth as is obtained on the better irrigated plantations. In these fields we were 
only able to start additional irrigation after the crop was well advanced in age. 
We cannot state therefore what result will be obtained if full irrigation were 
available for a field throughout its entire growth until our experiments in Field 15 
are harvested this year. 

The indication obtained from this experiment is that the rate of growth 
obtained by full irrigation at Waimanalo is as good as that obtained in the Pearl 
Harbor district. The amount of increased crop, in extra sugar, which we obtained 
by applying this additional water to 12 months old cane was not sufficient to make 
it economically profitable. In one case, in Field 15, a gain of 1.5 tons sugar 
was obtained ; and in the other, in Field 22, about 0.8 ton sugar. While these 
increases are appreciable, if water is short, such gains will not pay for the large 
amount of additional water required. 

Irrigation Experiments in Fields lo and i: 

The results of the first season’s observations upon the experiments in Field 15 
were given in our last season’s report. They may be briefly summarized by 
stating that the application of 25.6 inches of irrigation water to the extra irri- 
gated cane, contrasted with 4.1 inches of water to the crop cane, gave 2.5 times 
as much length of growth of stick, or eight times the volume of stick, obtained 
on the crop cane. At the time of our report the difference in growth fully cor- 
responded to the difference in the amount of water supplied. Later in the winter, 
during the period of the highest humidity, eye spot was very prevalent in this 
portion of the field. The extra irrigated cane proved to be particularly sus- 
ceptible to this fungus growth. There was considerable injury from this eye 
spot, so that it is not certain that the same differences which were found last year 
still persist. There is still a notably larger growth in the extra irrigated cane, but 
the possibility of eye spot injury to fully irrigated H 109 cane is a consideration 
which must be kept in mind at Waimanalo. This experiment will be harvested in 
the 1925 crop, so the final yield results will soon be available. 

The experiment in Field 4 was installed because this is a notably open, light 
type of soil which is much less retentive of water than the soil in Field 15. The 
cane is D 1135 which was planted late in the fall of 1923. The experimental 
plots were laid out December 20, 1923. This area will also be harvested in the 
1925 crop. 

Amount of Water Applied: 

The irrigation water applied to both these irrigation experiments is sum- 
marized in Table II : 
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TABLE II 


Summary of Irrigation 


Field 4 


Field 15 

Field 15B 

Extra Irrigated 

Field 4 

Extra Irrigated 

Field ir)A Monthly 

Cane 


Crop Cane 


Cane 


Crop Cane Irrigation 


^3. 

M M 


a 

M 

^ 2 

M W M M 

E ^3. E ^3. 



? N (JQ* 


<p 


. Ct ^ • P p 







M S'- ■ l-H S'- 


5 f 

I ss 2 



g § 

• 5 § • ® § 






p' 

! sr i cr 


OQ 

. sc 



so 

. U3 . CO - 

Jan. .17/24 

1.66 


Dec. 

1/23 

2.06 

Feb. 2/24 3.28 

June 18/24 

1.27 


Jan. 

26/24 

4.29 

Feb. 9/24 3.98 

June 25/24 

1.36 

June 25/^4 6.09 

Mar. 

15/24 

4.38 


July 3/24 

3.55 


June 

7/24 

6.51 

June 23/24 5.44 

July 12/24 

2.50 


June 

17/24 

5.29 

June. 23/24 8.83 

July 18/24 

3.55 

July 18/24 5.00 

July 

5/24 

4.12 

Aug. 18/24 3.79 




July 

14/24 

4.32 


July 25/24 

2.58 


July 

19/24 

3.50 





Jul’y 

26/24 

5.58 


Aug. 4/24 

2.42 


Aug. 

9/24 

2.92 

Oct. 11/24 2.11 

Aug, 9/24 

2.51 


Aug. 

18/24 

3.54 





Aug. 

23/24 

3.51 

Aug. 23/24 5.71 

Aug. 16/24 

2.65 

Aug. 16/24 1.58 

Aug. 

30/24 

3.40 

Nov. 1/24 2.32 




Sept. 

6/24 

2.15 


Aug. 22/24 

2.40 


Sept. 

13/24 

2.04 





Sept. 

20/24 

1.24 


Aug. j29/24 

4.91 


Sept. 

27/24 

2.33 

Dec. 6/24 3.80 

Hept. 5/24 

3.46 


Oct. 

4/24 

1.93 


Sept. 12/24 

3.69 

Sept. 12/24 6.80 

Oct. 

11/24 

3.19 


Sept. 19/24 

2.30 


Oct. 

18/24 

1.24 


Sept. 26/24 

2.87 


Oct. 

25/24 

1.87 


Oct. 3/24 

2.40 


Nov. 

1/24 

2.28 


Oct. 10/24 

3.14 

Oct. 10/24 2.54 

Nov. 

8/24 

1.00 


Oct. 17/24 

2.52 


Nov. 

15/24 

2.24 


Oct. 24/24 

2.05 


Nov. 

22/24 

.89 


Oct. 31/24 

1.55 


Nov. 

29/24 

1.22 


Nov. 7/24 

2.03 


Dec. 

6/24 

1.48 


Nov. 21/24 

2.32 






Nov. 28/24 

1.94 






Dec. 5/24 

1.66 






63.29 

22.01 


78.52 

18.52 20.74 


It will be seen that the extra irrigated cane in Field 4 received almost three 
times as much water as the crop cane. The extra irrigated cane in Field 15 
received a larger proportionate amount, the total irrigation was four times the 
crop cane, and three and eight-tenths as much as the ntonthly irrigated cane. 
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CHART I 



Determinations of Soil Moisture: 

The moisture (leterniinations made on the two fields are reported graphically 
in Charts I and II. Several interesting facts are shown by these graphs. In 
both fields the extra irrigated plots had a higher moisture content during the 
drier months of the year than the crop cane. There is, however, a striking dif- 
ference in the moisture content maintained in the two soils by approximately the 
same amounts of water. The percentage of moisture in the less retentive soil 
occurring in Field 4 was notably lower both in extra irrigated and ordinary crop 
plots. In other words, it would probably take very much larger amounts of 
water to get as good moisture contents in the soil of Field 4 as in Field 15. 
This shows clearly the more effective use which is obtained from irrigation applied 
to a retentive soil than to a loose, open one. 

The moisture contents in Field 4 rarely rose above 45 per cent in the extra irri- 
gated soil until the cooler fall weather, and were still lower in the soil of the 
ordinary crop plots. This low range of moisture contents persisted, even down 
to the 5th and 6th foot in depth. In Field 15, the soil of the extra irrigated plots 
ranged from 45 to vSO per cent during most of the year, and was maintained at 



38S 

CHAf?ri 



this level quite steadijy^ after irrigation started in June. The differences in mois- 
ture content betweeifSlie soils of the extra irrigated and ordinary crop plots are 
only noticeable in the upper four feet. Below this point the moisture content 
is more uniform, though even there the extra irrigated soil generally maintained 
a higher moisture content. 

Measurements of Growth: 

The measurements of growth are shown graphically in Charts III, IV, V and 
VI which give the growth, both as total elongation and by the weekly rate. No 
attempt will be made to compare the growth made in the two fields, as the cane 
is not only of a different variety but also of a different age. In 6ach field the 
extra irrigated cane showed a notably better growth than the ordinary crop canc. 
These results are summarized in Table III. The final comparison of the actual 
efficiency of growth will be obtained from the harvesting figures later in the year. 
It is interesting to note that a noticeably better growth was obtained in Field 15, 
with fairly regular monthly irrigations, than was made by the crop cane, which 
received practically the same amount of water in acre inches. This reinforces 
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CHART 11 

C0MWRI50N OP TOTAL NEW GROWTH OBTAINED BY 
EXTRA IRRIGATION AND ORDINARY PRACTICE 
Feet PielP 4. 



our conclusion drawn from the first season’s work, that moderate regular irri- 
gations were likely to give the most efiicient use of a limited water supply, 

TABLE m 


Summary of Growth Measurements — Elongation of Sticks of Cane 




Avge. Length 

Avge. Length 

Increase 

Gain Due to 

Field No. 

Treatment 

Dee., 1923 

Dec, 30, 1924 

Feet 

Irrigation 

15 

Extra Irrij^ation 

6.5 

18.8 

12.3 

3.3 

15 

1 Month Irrigation... 

3.2 

13.0 

9.8 

.8 

15 

Crop Cane 

2.8 

11.8 

9.0 


4 

Extra Irrigation 

.4 

10.9 

10.5 

1.1 

4 

Crop Cane 

.4 

9.8 

9.4 



Grozvth of Nczu Shoots: 

The weekly count of the total shoots present in typical watercourses was 
carried on in all the experimental irrigation plots. This is of interest as it shows 
the type of growth developed by diflferent amounts of water. It also indicates 
whether the shoots survive until the crop is finally harvested. 
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CHART S 

COMPARISON OF TOTAL NEW OSJWTH OBTAINED BY EXTRA 
IRRIGATION, MONTHLY IRRIGATION AND PLANTATION PRACTICE 




M Z7 4 3 l'6 M 7 l'3 M n 5 IZ 19 a 3 9 ’ ?9 li H ZO M 4 ’ it h 3 3 16 tt 31 6 13 20 V i I'o 17 M I 8 IS K M S I'z U Z6 4 » 11 5 

NOVPtC, JAN. m. MAR. APR. MAY JUNE JULY AUG, • 5EPI. OCT. NOV. DEC. 


IS23 1924- 


table IV 

Development of Shoots in Irrigation Experiments 

Number of shoots Maximum Number Number of shoots 
Treatment in watercourse present during surviving 

December, 1923 season December 30, 1924 

Extra Irrigated Cane. , . 77 206 154 

Crop Cane. 44 -_197 168 

Extra Irrigated Cane. . . 83 102 71 

Month Irrigated . . . . . , . 98 120 88 

Crop- ............ 101 120 84 


Field No. 

4 

4 

15 

^15 

15 
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CHART Y 

COMPARISON BETWEEN WEEKLY GROWTH 


OF 



MC. JAN. FEB. MAR. APR. MAY JUHt JULY AUG. SEPT. OCT. NOV. DEC. 

l9Za 1924 


In Field 4, the watercourse chosen in the extra irrigated plot had a greater 
number of total small shoots than were present in the crop cane. With the more 
open growth prevailing in the crop cane, more new shoots were developed, but 
only a small part of these were of sufficient size to promise to become harvestable 
cane. The same relatiotrship was found in Field 15. The crop cane and the 
1 month irrigated cane had a greater number of small shoots and little sticks 
of cane than the extra irrigated cane. More adequate irrigation developed a 
smaller number of large sticks, of which a much greater number would be cane 
fit for the mill. 

Effect of Temperature: 

The effect of temperature upon cane growth is again clearly shown in Charts V 
and VI, where the mean temperature is plotted in comparison to the weekly rate 
of growth. In each of the two fields it is clearly seen that the decrease of the 
rate of growth in the fall is due to the drop in the mean temperature. The soil 
moisture had increased in the fall, due to lower transpiration and some rain, but 
this was not sufficient for rapid growth to continue when the temperature de- 
creased. 


4 
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CHART 21 

COMPARISON BETWEEN WEEKLY GROWTH 

OF! 

Me«n EXTRA IRRIGATED AND CROP CANE 

Temperature p,£l^ I 5 



1923 1924 


Fertilization: 

The cane in Field 4 has received a first season fertilization of about 765 lbs. 
of mixed fertilizer per acre. This supplied 85 lbs. nitrogen, 45 lbs. phosphoric 
acid and 45 lbs. potash. The second season fertilization consisted of 550 lbs. 
nitrate of soda, which furnished 85 pounds nitrogen per acre, As the cane was 
D 1135 and the stand only moderately thick, it was not considered advisable to 
apply additional nitrogen to the extra irrigated plot. The gain obtained from this 
experiment will only be due to the use of extra water. 

Our report last year noted that we had applied 100 lbs. additional nitrogen to 
the extra irrigated cane in Field 15. This appeared to be justified by the heavy 
growth and the fact that the cane variety was H 109. The additional nitrogen 
was applied in early August, before the regular fertilization, which was applied 
in October, furnishing 1 10 lbs. nitrogen. The second season fertilization was 75 
lbs. nitrogen from nitrate of soda, which was applied to all the plots. The extra 
irrigated cane therefore received 285 lbs. nitrogen per acre, and the crop cane 
185 lbs. This addition^ nitrogen must be taken into^count when the increased 
sugar yield is balanced against the value of the additional irrigation water which 
has been used to produce the larger crop. 
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Water Supply Studies 

In order to find what amounts of water were available for irrigation through- 
out the entire season, a series of additional weirs was installed by Mr. Weinrich. 
These covered the Maunawili ditch, Kailua ditch and Pump ditch. Monthly re- 
ports have been made of these sources of supply by Mr. Weinrich and Mr. 
Beveridge, but the results of these measurements may be summarized here 
briefly. 

Maumtvili Ditch : 

The supply from this source was remarkably constant during the past season. 
The d^ily average for the period of irrigation from June to November was as 
follows : 


Daily average 

June 2,715,409 gallons 

July 2,590,783 

August 2,507,527 ‘‘ 

September 2,315,232 “ 

October 2,363,304 “ 

November 2,851,062 “ 


These figures show that this source of water was extremely constant and 
reliable. The greater portion of this water came from the Maunawili Ranch, 
but about 400,000 gallons daily were derived from various small sources on the 
Waimanalo side of the ridge. 

Measurements were also made of the principal sources of supply upon the 
Maunawili Ranch which are not being used by the plantation. These outside sup- 
plies ranged in flow from a maximum of a million and a quarter gallons to a 
minimum of one million gallons during the two driest months. These two low 
months were September and October. The average daily flow during this time 
was as follows : 


XJNUSED WATER MAXJNAWIEI RANCH 


September 
gallons daily 


Maunawili Stream 141,100 

Omao Stream 225,700 

Ainoni Spring 325,000 

Makawao Stream 355,000 


October 
gallons daily 
208,100 ' 

238.300 

298.300 
325,100 


1,046,800 1,069,800 

These figures show that these additional sources of water are as constant in 
flow as the Maunawili water which is now being delivered to the plantation. The 
problem of utilizing this water is an engineering question which is outside the 
scope of this study. Our work has shown that the flow is sufficiently steady at 
the driest period of the year to warrant consideration of the cost involved in 
bringing this water into the plantation ditch. 
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Lagoon Pump: 

The measurement of the water obtained this year since the second pump 
has been installed has shown a very steady flow. The water delivered has varied 
from a minimum of 2,600,000 gallons per day, to a maximum of 2,870,000 gal- 
lons. This water is of course not equal to the mountain water in purity, but 
it is a valuable source of supply and has been made entirely safe for use by mixing 
with the Maunawili water. 

Kailua Szvamp: 

The water obtained from the Kailua swamp has been more variable in amount 
than either of the other two sources. The figures obtained from measurement of 
the water delivered showed that the swamp furnished 4 million gallons of water 
per day in June. ' As the demand for water increased upon the plantation the 
amount pumped was increased to an average maximum of 6 million gallons per 
day in August. This heavy drain upon the swamp steadily lowered the level of 
the water, so that only 2,227,000 gallons could be pumped in October. The 
decrease in level is clearly shown by the staff readings which were taken be- 
ginning June 3, 1924. Upon that date the water stood 3.4 feet above sea level. 
At the end of the heaviest pumping period, October 7, 1924, the staff reading was 
3.9 feet below sea level. This showed a decrease in level of 7.3 feet, which 
would indicate that at least part of the function of the swamp is to serve as a 
reservoir for the accumulated run off from the higher hills. 

Seepage Losses 

In order to determine the possibility of obtaining greater economy in the dis- 
tribution of water to the fields considerable attention has been devoted to the 
determination of the losses of water by seepage from the ditches. In considering 
the question of seepage, the problem naturally divided itself into a study of the 
condition of the ditches which bring the water to the plantation, and secondly a 
determination of the losses in the actual plantation ditches. 

Two main,|jppply ditches bring the water developed outside the plantation on 
the Maunawili Ranch, and in the Kailua swamp, to the plantation fields. The 
figures for the seepage losses on the Maunawili ditch from its start, up to and 
including the tunnel, where the water comes upon the plantation, have averaged 
about 5 per cent of the'Total supply. The distance is not accurately measured, 
but is between two and three miles. The seepage loss is therefore seen to be 
extremely low for an earth ditch, or about 2 per cent or less per mile. 

The figures for the seepage loss on the Kailua ditch, before it reaches the 
plantation, showed a slight gain in water. The ditch is partly lined and some 
water enters the stream in one of the tunnels, but it is probable that this apparent 
gain was due to the manner in which the weir crest was originally set in one of 
the boxes. This setting is now being changed so that comparable figures will 
later be obtained^ It is, however, fairly safe to state that^he loss upon the Kailua 
ditch before it enters the plantation is probably negligible. Attention to seepage 
l0|8el may therefore be centered upon the main plantation ditches. 
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TABLE V 
Seepage Lasses 

Pump Ditch 


Total flow Seepage loss Per cent Per cent 
Distance be- gallons per gallons per of total loss per 


Location of weir 

tween weirs 

24 hours 

24 hours 

flow lost 

mile 

1— Field 22 ...... . 

2— Field Tl, 

1,285,000 

3,320 ft. 1,020,000 

265,000 

20.64 

32.82 

Discharge pipe . . . . 
End of tunnels.... 

Kailua Ditch 

First Test 

4,442,800 

Il,d48 ft. 4,604,600 

none 



Field 19 

5,365 ft. 

4,406,200 

36,600 

0.83 

0.82 

Field 15 

3,276 ft. 

3,996,600 

446,200 

10.04 

14.84 

Field 4 

10,525 ft. 

3,529,000 

913,800 

20.57 

5.33 

Field 3 

4,915 ft. 

3,015,900 

1,410,900 

31.76 

12.02 

Field 15 

Field 11 

Becond Test 

1,648,000 

5,725 ft. 1,468,100 

179,900 

10.92 

10.09 

Field 4 

4,700 ft. 

1,599, 700 

68,400 

15.05 

4.64 

Field 3 

4,915 ft. 

1,202,000 

197,700 

27.06 

12.90 

Field Id 

Field 15 

Mauuawili Ditch 

First Test 

2,469,000 

1,315 ft. 2,340,000 

139,000 

5.23 

21.00 

Field 14 

7,275 ft. 

2,113,000 

356,000 

14.42 

6.67 

Field 3 

10,165 ft. 

1,299,000 

1,170,000 

47.39 

17.13 

Field 1 

5,623 ft. 

1,125,000 

1,344,000 

54.43 

6.38 

Field Id 

Field 15 

Becond Test 

2,776,000 

1,315 ft. 2,540,000 

136,000 

4.90 

19.68 

Field 14 

7,275 ft. 

2,372,000 

404,000 

14.55 

7.00 

Field 10 

3,075 ft. 

2,275,000 

501,000 

18.05 

6.00 

Field 4 

4,200 ft. 

1,661,000 

1,115,000 

40.17 

27.82 

Field 1 

2,890 ft. 

1,570,000 

1,206,000 

43.45 

5.99 


A study of the figures in the above table shows very clearly that there are 
appreciable losses in many parts of the plantation ditches. The highest loss per 
mile was found in the portion of the pump ditch which was measured. The 
seepage will be determined upon the remainder of this ditch as soon as the 
present crop is harvested. Several portions of the ditch are not accessible for 
the installation of weirs until the cane is cut. 

Two portions of the Kailua ditch showed an appreciable loss, while two other 
sections only lost a moderate amount by seepage. This ditch appears to lose 
less water by seepage than the other two distributing systems. Even in this in- 
stance, however, the cumulative effect of the losses is quite appreciable. Almost 
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one-third of the water is lost when irrigation water reaches the end of the ditch 
in Field 3. 

The Maunawili ditch showed a high loss in several portions. The cumulative 
effect of the seepage losses makes a very heavy water charge upon cane raised 
at the farther end of the plantation in Fields 1 and 3. Practically as much 
water is lost by seepage as finally reaches the cane. 

In connection with the question of seepage losses, it is desired to allude again 
to the practice of growing cane along the main irrigating ditches and level ditches. 
This matter was touched upon in our report last year, where it was pointed out 
that cane growing in the ditches receives an unbalanced ration of too much water 
and too little nitrogen. The physical damage to the ditches is appreciable and the 
interference with normal stream flow and water distribution is very great. In 
addition to this, the penetration of the roots of cane or weed growth in the ditch 
banks greatly increases seepage loss. 

There is a great deal of evidence as to the undesirable effect of growth in 
ditches. These observations have been made both under mainland conditions and 
in Hawaii. It is felt this matter deserves careful consideration in connection with 
the attempt to obtain greater economy in the use of water. 

Distribution of Water to the Fields 

The results obtained upon the determinations of soil moisture in Fields 4 
and IS exemplify the differences which may be found in two soils, where one 
is loose and open and the other is retentive of moisture. Similar soil variations 
are found in several portions of almost every plantation. It is therefore evident 
that if the attempt is made to keep the cane in each field in reasonably good 
condition to the eye this is likely to require the use of notably different amounts of 
water. In studying the problem of water economy it would therefore be desirable 
to know what amounts of water were applied to the different fields of the planta- 
tion. Should some soils prove to be notably loose and open in texture, requiring 
large amounts of water to produce satisfactory crops, or vice versa, producing 
poor, crops with th^ same water which gave excellent yields elsewhere, it would 
be logical to concentrate to a greater extent upon the fields giving a better return 
per unit of water. 

The desirability of such work was discussed with the manager, Mr. Chalmers, 
and it was found he was keenly interested in the value of the data which could be 
obtained. The plan has bfeen developed of installing weir boxes, fitted for the 
Great Wesfpsn Meters, in each of the fields when a new crop was started. In 
this way measurements were commenced upon a considerable part of the fields 
harvested in the last crop. It is planned to extend this work during the coming 
season and the attempt will be made to cover the entire plantation. 

In this connection it would be desirable to follow the moisture content 
of a number of typical fields at intervals during the winter season. Very 
little wkiter irrigation has ordinarily been practiced -at Waimanalo. Although 
the average, winter temperatures are lower than those in summer, there is still 
sufficient mild weather at intervals to enable the cane to make a moderate growth 
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if the moisture is adequate. By following the moisture content of the fields it 
will also be possible to determine the time when it is necessary to start irrigation 
in the spring months. 

Deductions to he Drawn from the Experimental Work: 

The following conclusions appear to be justified by the work of the past two 
seasons: The results of the irrigation experiments point to the value of moderate, 
regular irrigations, which develop a continuous growth and enable the cane to 
utilize the rainfall to the best advantage. Extra irrigation appHed to cane which 
was 10 to 12 months old, did not produce a satisfactory economic return. The 
eflPect of fairly full irrigation, from the time of planting, will be seen when the 
experiments in Field 15 are harvested this year. Up to the present our results 
show the greater value of regular monthly irrigation when contrasted with inter- 
mittent irrigation applied to the crop cane. 

The value of these moderate, regular irrigations, and the difficulty of applying 
such small irrigations without excessive seepage loss, suggests the desirability of 
trying overhead irrigation upon an experimental scale. The harvesting results 
from this year’s crop at Hawi Mill and Plantation Company, Ltd., are very en- 
couraging. Better yields are being obtained by overhead irrigation than have 
ever been taken off their fields. It is believed the necessity for water economy at 
Waimanalo would warrant an experimental trial of possibly ten acres. 

The differences in the moisture contents found in Fields 4 and 15 show the 
relative value of irrigation water applied to a loose, non-retentive soil, and to one 
which has a better water-holding capacity. The amounts of water applied to the 
two fields were not notably different, though the extra irrigated cane on the more 
retentive soil in Field 15 received slightly heavier irrigation. The moisture con- 
tent was maintained at a more favorable level for crop growth in this better field. 
This demonstrates the advantage that may be obtained from using water on the 
best land. 

The determinations of seepage losses have shown that attention may be con- 
fined, for the present, to the ditches inside the plantation. The seepage figures 
obtained on the Pump ditch and the Maunawili ditch showed a high rate of loss 
for portions of these ditches. The Kailua ditch showed an appreciable loss in two 
portions and a low loss in two others. 

The high seepage loss on portions of the plantation ditches emphasizes the 
importance of keeping the ditches free from all growth. The roots of both cane 
and weeds increase the percolation of water out through the ditch banks. This 
unfertilized cane in irrigation ditches makes an extravagant use of water. At 
Waipio the fully irrigated, unfertilized plots have prodiKed approximately 35 
tons cane per acre. Similar adjoining plots receiving full fertilization have pro- 
duced from 100 to 110 tons of cane per acre. 

Recommendations for Further Work 

1. Continuation of studies of seepage losses, after clearing the ditches of all 
growth. 
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2. Elimination of cane from all level ditches and distributing ditches. 

3. The experimental trial of overhead irrigation. 

4. Extend the measurement of irrigation water to all harvested fields, so as to 
determine the relative efficiency in sugar production obtained per unit of water 
applied. 

5. Follow the moisture content of typical fields during the winter season, so 
as to determine if more winter irrigation would be advisable. 

6. Install a series of growth, soil moisture and irrigation studies in typically 
different fields, as a further check on the efficiency of irrigation during the com- 
ing season. 


An Illustration of Aluminum Injury to Sugar Cane 


By W. T. McGeorge 

For some time the Cheihistry department has been studying the effect of alumi- 
num salts on the poor fertility or so-called root rot on the acid plantation soils. 
Extensive investigations throughout the United States and Europe have shown 
the salts of this element to be the principal toxic constituents of such types, and 
we have found these salts almost universally present in acid Island soils of' cer- 
tain acidity. In the accompanying illustration there is shown the most clear-cut 
example of aluminum injury to sugar cane yet observed during our investigation. 
Both cane stalks are D 1135 from Honokaa Sugar Company. That on the left 
is from Field 11, in which “root rot'' injury is very serious. The reaction of the 
soil in which this stalk was grown is pH 5.5, which is within the range (5.8 oi 
less) at which Hawaiian soils contain aluminum salts in the soil solution. Chemi- 
cal tests on this stalk showed the presence of large quantities of aluminum and 
iron at the nodal joints. The effect of the aluminum is well shown in the 
numerous adventitious roots and in the disintegration and discoloration of the 
tissues at the nodal joints. 

The stalk on the right, while equally stunted in growth, gave only an 
extremely faint test for iron and aluminum at the nodes, was- free from adven- 
titious roots and disintegration or discoloration of the tissues. The reaction of 
the soil in which this stalk was grown is pH 5.82 or slightly outside the range 
at which the aluminum salts are soluble. This field has responded notably to 
nitrate, indicating that the stunted growth is due to a nitrate deficiency and that 
it is not associated with any toxicity of aluminum, thus confirming the chemical 
tests and illustrating their value in identifying aluminum injury. 

Aluminum injury is confined almost entirely to mauka fields. The acidity 
of Island plantation soils as a rule increases with altitude. A notable exception is 
the Kau district of Hawaii, where cane is grown at an altitude of 2,500r3,000 feet 
and where there are ho acid soils even at this altitude. In view of the excellent 
crops grown at the higher aitithdes in Kau and the absence of “sour" soils in 



Coin|)ariiig I) 11H5, stiiiitt^d by nluniiiiinn 
(loft, Field 11), and nitrate defieieiiry (right, 

Field 19). Note adventitious roots and dis- 
colored nodes in the former. These are en- 
tirely lacking in the stalk on the right. 

this district, the question arises: Is environment (altitude) the primary factor 
in the poor growth of cane on the mauka lands of Kauai and the Hamakua Coast 
district on Hawaii? or is it not rather the higher acidity of the soils in the latter 
districts with the toxicity of the aluminum salts which are present at these reac- 
tions? It is at least of more than passing significance that the principal dif- 
ference between the mauka areas of Kau and other Island districts is the dif- 
ference in soil reaction. 





400 


The Relation of Root 


Injuries to Root Failure in Lahaina 
Cane 


By Guy R. Stewart 

The study of the chemical factors in the soil which are associated with the 
failure of the root system of the Lahaina variety of cane has been the major 
research endeavor of the Chemistry department of this Station for the past two 
years. Evidence has accumulated in the course of this work which tends to show 
that several unfavorable soil conditions have interfered with the growth of 
Lahaina cane in the Island sugar lands. Among these harmful influences we may 
mention the eflFect of high soil acidity and the accompanying toxic quantities of 
soluble aluminum found in some mauka lands. Notable deficiencies of potash 
and phosphates also appear to be predisposing causes of root failure. Shortages 
of these plant foods are often found in the highly acid soils. In other instances 
accumulations of salts from the irrigation water have caused injury from the 
soluble salts left in the soil, and in some cases have reacted with the soil minerals 
to produce an unduly alkaline soil reaction. 

As these studies progressfsjii'fit was frequently noted that a number of types 
of root injury often occurred in the cane fields. In some cases these root in- 
juries consisted of definite cavities, possibly as large as a pin head ; in other in- 
stances the holes were much smaller and were surrounded by reddish discolora- 
tions. Swezey (5) and others at this Station have reported that the larger cavi- 
ties are often caused by minute snails. Pemberton (3) has shown that centi- 
pedes can cause similar damage to cane roots in the Honokaa district. Wide- 
spread root failure of sugar cane in Louisiana has been ascribed to snail injuries 
by Rands (4). The smaller minute root punctures with surrounding red areas, 
have been shown by Cobb (2) and Lyon to be caused by free living nematodes 
of the eel worm type. 

In view of the frequency with which these root injuries occur, it appeared 
desirable to have some more definite information as to the relative effect of root 
injuries contrasted with toxic soil conditions. The following preliminary experi- 
ment was therefore planned and carried out as a cooperative endeavor by the 
departments of Chemistry and Entomology. 

We desired to try the effect of two unfavorable chemical factors in the soil. 
One of these was high acidity with toxic amotfhts of aluminum in solution. The 
soil chosen was from a highly acid area in the Kaneohe district where Lahaina 
cane failed in the days when this land was in sugar cane. This soil showed a 
reaction of 4.8 on the pH scale. In order to have controls with a favorable 
reaction, part of the tubs with this soil were treated with lime at the rate of 6 
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Growth of Lahaina oaiie in a jjood soil, partially sterilized. Growth of Lahaiiia in the same soil, without salts, 

with a high eoneentration of soluble salts. 
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Root destruction of Lahaina caue in a normal soil, without salts, in the presence of 
snails and free living nematodes. 


tons per acre foot of soil and superphosphate at the rate of 15 tons per acre foot 
added. Preliminary tests showed these treatments were sufficient to counteract 
the effect of the soil acidity. 

The other unfavorable condition to be tried was a high concentration of 
soluble salts similar to that left by the evaporation of a slightly salty irrigation 
water. Owing to the difficulty of reclaiming a soil with a high salt content, it was 
decided to take a good soil in which Lahaina grows well and add salts to part 
of the tubs in sufficient amount to equal the salt found in bad spots in some 
poorly drained fields. The soil chosen was from Field 12, Oahu Sugar Company, 
where Lahaina cane still grows well. 

We desired to try the effect of the root attacks of snails, free living nematodes 
and centipedes, ,both in the presence and absence of the unfavorable acidity and 
high salt cojii^Hption. The following treatments were made in duplicate to 
large concrete^DS, each of which held approximately 500 lbs. of soil. Each 
tub was 2 feet square and 2 feet deep: 
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PLAN OF FrPFKIMISNT 


Acid Boil from Kaneohe 


Acid 

Soil 

Untreated 

Acid 

Soil 

Untreated 

Acidity 
Neutralized , 

Acidity 

Neutralized 

Acid Soil 
Untreated 
to Receive 
Snails 

Acid Soil 
Untreated 
to Receive 
Snails 

Acidity 
Neutralized 
to Receive 
Snails 

Acidity 
Neutralized 
to Receive 
Snails 

Acid Soil 
Untreated 
to Receive 
(Centipedes 

Acid Soil 
Untreated 
Centipedes 
Added 

Acidity 
Neutralized 
to Receive 
Ontipedes 

Acidity 
Neutralized 
to Receive 
Centipedes 

Acid Soil 
Untreated 
Nematodes 
Added 

Acid Soil 
Untreated 
Nematodes 
Added 

Acidity 

Neutralized 

Nematodes 

Added 

Acidity 

Neutralized 

Nematodes 

Added 


Normal Boil from Oahu Sugar Co. 


Normal 

Normal 

Soil 

Soil 

Untreated 

.Untreated 

Salts 

Salts 

Added 

Added 

Normal 

Normal 

Soil to 

Soil 

Receive 

Snails 

Snails 

Added 

Salts 

Salts 

Added to 

Added to 

Receive 

Receive 

Snails 

Snails 

Normal 

Normal 

Soil to 

Soil 

Receive 

Centipedes 

Centipedes 

Added 

Salts 

Salts 

Added to 

Added and 

Receive 

Centipedes 

Centipedes 

Added 

Normal 

Normal 

Soil 

Soil 

Nematodes 

Nematodes 

Added 

Added 

Salts 

Salts 

Added and 

Added 

Nematodes 

Nematodes 

Added 

Added 


This plan shows the arrangement of the duplicate tubs. It will be seen that 
half of the tubs of the acid soil were treated with lime and superphosphate, and 
half of the tubs of nonnal soil received salt treatments. 

Before placing the soil in the tubs, it was subjected to partial sterilization by 
transferring it to small sacks holding about 10 lbs. These were then heated in 
a large autoclave at 15 lbs. pressure for one hour’s time. We found by experi- 
ment that this period was sufficient to kill all soil inhabitants except the spores of 
fungi and bacteria. We desired to have the fungi and bacteria present in the soil 
in order to have them play whatever part they may in root deterioration. 

Our original scheme, as indicated in the above plan, was to acUl snails, centi- 
pedes and nematodes to separate pairs of duplicate tubs in each series of treat- 
ments. We should thus have an opportunity in one series to observe the effect 
of these organisms upon the roots of Lahaina cane, both in a highly acid soil and 
in the same soil when the acidity was corrected. In the other series we should 
have the same organisms added to a thoroughly good soil, and to the same soil 
with a harmful amount of salt present. 
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There was greater root injury from nematodes in the normal soil, without salts, 
than where salts were added. 


The tubs were all planted in November, 1924. We planned to add snails and 
centipedes to the respective pots as soon as the cane was well started. Mr. Swezey 
and Mr. Hansson spent many days searching for snails in the cane fields of Oahu. 
As a result of their efforts, we feel justified in stating that snails are not, ordi- 
narily, sufficiently numerous in any large area of cane land on Oahu to exercise a 
harmful effect on the cane roots. Two minute snails, Geostilbia Caecilioidcs 
baldwini and Snbulina octona, which are most concerned in root injury, have been 
noted in cane fields by various members of the Station staff. The only areas in 
which the molluscs have appeared to be numerous, have been poorly drained sec- 
tions of land wnfere the soil has been practically saturated with water. Under 
such conditions it is probable that they may increase for a time and become a 
factor in root injury. 

Swezey and Hansson finally obtained a sufficient number of snails, 96, to add 
to one tub of,(^|gane. It was also difficult to find a sufficient number of small 
centipedes oflpe variety present in cane stools. Three tubs were eventually 
inoculated with centipedes. 

The nematodes added to the tubs were of the minute eelworm type, which 
make a titiy red puncture where they enter the root. Cobb has identified this as 
Tylmchus similis (Cohh). These are not the variety which causes the large 
root galls commonly associated with nematode injury. The latter type is known 
SiS Heterodem radicicdta. 
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The lime and superphosphate additions were made to half of the tubs of acid 
soil before the tubs were planted. Two top seed pieces of Lahaina cane were put 
in each tub and the most vigorous resulting plant was retained. After the cane 
was about 14 inches high, the additions of such centipedes and snails as were 
available were made. The nematodes were added in the form of small bundles 
of well washed roots, in which free living nematodes were found to be present. 
The soil surrounding the stools in the nematode tubs was carefully drawn away 
with a trowel and the infected roots were distributed around the large feeding 
roots of the young cane stool, and the soil replaced. At the time we made these 
inoculations, we had not been able to cultivate the free living nematodes on arti- 
ficial media. Our inoculations probably consisted of more than one variety of 
nematpdes, but the method followed was the best we had available at the time. 

The salt treatments were made at about the same period that we added the 
snails and centipedes. Each tub received the following addition of salts listed in 
Table I : 

TABLE I 

Salts Applied tc* Oahu Soil 


Salt Amount 

Sodium Bicarboiite (NaHCOjd 100.9 grams 

Potassium Chloride (KCl) 10.2 grams 

Sodium Chloride (NaCl) 59.6 grams 

Magnesium Sulphate (MgS04.7H20) 49.5 grams 

Magnesium Chloride (MgCl2.6H20) 122.4 grams 

Calcium Chloride (CaCl 2 .H 20 ) 221.0 grams 


564.6 grams 

In order to prevent the loss of the soluble salts by leaching, no bottom drain- 
age was permitted, and water was added in amounts that were just sufficient to 
keep the soils close to optimum moisture content. The same treatment in regard 
to drainage and irrigation was also given to the tubs of acid soil in order to make 
the conditions of growth comparable in the whole set of containers. 

Injury from excessive moisture which might have accumulated in the tubs 
during heavy rainstorms was avoided by providing sets of removable covers, 
made of light boards and covered with heavy roofing felt. 

Three months after planting, the tubs were all fertilized with 45 grams of 
mixed fertilizer containing 11 per cent total nitrogen, 6 per cent phosphoric acid 
and 6 per cent potash as K^O. This is equivalent to the application of mixed 
fertilizer at the rate of 1000 lbs. per acre. 

At this same period it became evident that the application of the mixed salts 
to the Oahu soil was not causing the cane to be injured to the same extent that 
commonly occurs in the heavy textured lowland fields where salt accumulations 
usually take place. We at once made analyses to learn if the salts were possibly 
being washed down into the bottom of the tubs. The analytical results showed 
that the major portion of the salts was still in the top foot of soil. Several ex- 
planations suggested themselves. In most of the lands where salt accumulation 
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Growth of Lahaiua cane in highly acid soil, after partial sterilization. 
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Root destruction caused by free living nematodes in a normal soil, with salts present, 

and in a highly acid soil. 


takes place there is a notable injury to the physical condition of the soil, caused 
by puddling and deflocculation. The Oahu soil is an extremely open pervious 
silt loam, in which the salts caused no harm to the physical texture. It is also 
possible that much of the injury from salts may occur in field soils when the soil 
is rather dry and the concentration of salts in the soil solution becomes very high. 
We have analyzed soils from such areas where Lahaina failed in which the salts 
present in the soil solution amounted to 15,000 parts per million at the low con- 
centration of 15 per cent soil moisture. The amount of salts added in our experi- 
ment would have developed an equally high concentration of salts, provided the 
soils had become rather dry, but this rarely, if ever, took place. In order to increase 
the effect of the salts, we made another addition, which was exactly one-half of 
the previous applications. This exerted some harmful influence, but not at all 
comparable to the effect which such large additions of salts have in the held. 
Such a result makes it appear possible that the partial sterilization had caused a 
suflicient biological or chemical change in the soil so that the toxic effect of the 
salts was reduced. This seems more probable since we had somewhat the same 
experience with the unfavorable acid soil. After the partial sterilization there 
was a notably better growth than was previously obtained in this soil. 

The cane in the tubs was allowed to grow until about June 1 of this year, 
when it was dug up and careful observations, combined with microscopic exami- 
nations, were made of the root systems. D. M. Weller assisted us in sectioning 
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Comparative root and top development of Lahaina cane in a neutralized acid soil, 
in the presence and absence of free living nematodes. 


and examining the cane roots, and J. P. Martin by working on the separation and 
cultivation of free living nematodes. 

We found the most serious root injury had occurred where the free living 
nematodes were present. The stools infested with these nematodes were seriously 
stunted and the roots had largely disappeard in all the soil treatments. The 
development of roots and tops, where nematodes were present, is shown in the 
accompanying cuts. These are compared with cane stools growing in the normal 
soil with and without salt and in the acid soil, both neutralized and untreated. 

The free living nematodes added to our soil cultures are a common soil in- 
habitant and are probably kept under control, to a certain extent, by other preda- 
tory soil nemas. Cobb (1) described three species of the genus Mononchis, the 
species of which have been demonstrated to be predaceous. In some of our cul- 
tures df nematodes, we have watched some of these attack and destroy Tylcnchus. 
The presence of species of Mononchtis may. account for some of the contradic- 
tory results of experiments and field observations. 

The roots of the one stool which had been inoculated with snails were badly 
injured but we found very few snails present. It was discovered that nematodes 
had been introduced into this tub, which may possibly have occurred in some 
traces of soil adhering to the snails. At present it4s impossible to say whether 
the root destruction shown in the accompanying cut was due to snails or the 
nematodes accidentally present. 




409 


The centipedes which had been added to three tubs of cane had almost entirely 
disappeared. Very few remained in any of the three cultures and the roots of 
the stools where they had been present were almost entirely free from injuries. 
We are inclined to believe that the conditions were not entirely favorable for the 
growth of centipedes in our tubs. The ordinary cane field has more decaying 
organic matter present on the ground and in the soil than was found in our con- 
tainers. Certain districts may be exceptionally favorable to the growth of centi- 
pedes and their free movement in the soil. This* seems evident from the valuable 
observations of Pemberton at Honokaa. It is therefore possible that centipedes 
may be more injurious at times than would appear to be the case from our results. 

Upon examining the uninoculated control stools we found that the roots of 
several of these stools were beginning to fail and decay in the soil. There were 
no root injuries on these stools, so it would appear that soil fungi and bacteria 
must also be reckoned with as an associated cause of root failure. It may be pos- 
sible that the continuously moist condition of our soils was a favorable condition 
for these organisms. 

In general we may note that toxic soil acidity and harmful concentrations of 
salt were not so fatal to the cane in this experiment as in ordinary field culture. 
This preliminary experiment clearly indicates that we must widen the scope of 
our investigations into the causes of root failure. Free living nematodes were 
associated with serious root injury. Their activities may l>e partly controlled, 
under field conditions, by other predatory nematodes. We also found that the 
roots of large healthy stools were beginning to fail where no injuries were present. 
It will require further controlled experiments before we can say definitely what 
relationship the various soil nematodes, fungi and bacteria, all have to root failure 
•of sugar cane. 
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Further Studies on the Saline Accumulation in Irrigated 

Fields 


By W. T. McGeorge 

This article is a continuation of our studies on the saline accumulation in irri- 
gated fields. There is presented an experimcmt shorving the improvement obtained 
in the growth of Lahaina by leaching azmy part of the saline material and the 
comparatwe growth of Lahaina and H 109 in water cultures containing the basic 
sulphates present in such soils and the basic chlorides singly and in combination. 
The literature covering preinous work in Hawaii on this problem is rezneu’ed, 
as well as certain pertinent discussions at annual meetings of the H. S. P. A., 
and these have been brought up to date. 


In our studies on the infertility of Hawaiian soils cropped to sugar cane the 
complex nature of the problem was early indicated. As in many such investiga- 
tions, we are rarely confronted with a single active agent, but usually find several 
factors of more or less imjx)rtance associated; For example, in the investiga- 
tion of the tojcicity of our acid soils, there is convincing evidence that salts of 
aluminum are the principal toxic constituents of these types. No attempt waS 
made to attribute the infertility of these acid types entirely to these salts, but 
rather to point out the importance which should be attached to their presence. 
There were found notable plant food deficiencies associated with these acid con- 
ditions. Again, it is impossible to estimate the extent of the aluminum injury, 
as it has been shown that in subtoxic concentrations there is a predisposition 
of the plant tissues to fungus invasion. At what stage the fungus enters or, 
in other words, the limit of chemical toxicity is difficult to establish and after 
identity sometimes equally difficult to correct. The actual chemical destruction 
of plant tissues in the field is rarely noted, as fungi and bacteria become active 
quite rapidly following impaired growth from chemical toxins. In other words, 
root injury must needs' be accompanied by bacterial or fungal processes. On this 
basis it hardly seemed tenable to attribute to aluminum salts more than a primary 
predisposing role in sugar cane root or stalk rot, which condition the cane often 
acquires in our fields of low fertility. This same line of reasoning applies where 
infertility is the result of other soil conditions and any such investigation must 
be considered incomplete without a knowledge of the role of these organisms. 
In fact it is the present trend in soil chemical investigations to look upon chemical 
toxins as predisposing agents only. Although at;— certain concentrations plant 
growth may be entirely checked, such condition is rarely met in practice, the 
^btoxic concentrations being most often prevalent. 
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Data obtained in our study of the toxicity of aluminum salts showed that they 
were present only in acid soils of a certain degree of acidity which is usually 
found only in mauka and unirrigated fields. Many of the lowland irrigated fields 
may be classed as of low fertility if the failure of Lahaina in these districts may 
be taken as a criterion. A preliminary study of these areas along with a review 
of the work ( 10) of former members of the Experiment Station staff, as well as 
the observations of a number of the managers of irrigated plantations, strongly 
indicated that the accumulation of saline material from the irrigation water was 
an important growth retarding factor in these areas. In other words, that the 
Lahaina failure or deterioration of fertility in many of the irrigated fields is in 
the main a pathological or physiological condition of the cane induced in large 
part by the gradual accumulation of an excess of soluble salts from the irrigation 
water beyond the tolerance of certain varieties. 

It appears from the above that we are confronted with what might be termed 
the '‘common experience” in most irrigated agricultural districts, arid or semi- 
arid, where surface evaporation or moisture requirement exceeds rainfall. A rise 
in water table usually follows extensive irrigation in lowlands. Soil water may 
be drawn to the surface through capillary action, there to deposit its saline con- 
tent by evaporation, which material at certain concentrations is toxic toward many 
agricultural crops. Danger from rise in water table locally would apply mainly 
to the low lying fields near sea level. On the other hand, other factors may con- 
tribute to saline accumulation even in the absence of a marked rise in water table. 
Immediately following the draining away of the gravity water resulting from an 
irrigation or rain, capillary action begins to pump the water back to the surface 
of the soil. From this it is plainly evident that in a dry year or in the absence 
of occasional excessive irrigations the saline content of the soil solution within 
the zone of root growth will be greatly increased. 

There is probably no other ])hase of soil infertility which has been more ex- 
tensively or intensively studied than the alkali problem. The literature covering 
these investigations is legion and in the main shows the toxicity of the saline 
accumulations to be proportional to the concentration in the zone of root activity. 
The nature and ratio of the saline combinations are also governing factors. 
Unfortunately, it is not possible to foretell with any degree of certainty the sub- 
toxic concentration of alkali in soils. This is in large measure due to soil varia- 
bility and a lack of knowledge of the physiological effects of the so-called alkali 
salts and the widely variable ratios which are possible in the soil solution, that is, 
the salt-plant ratio as well as the soil-salt-plant relationship. We know that a 
high concentration of saline material entirely restricts plant growth and that 
small amounts are essential. In the intermediate concentrations, from which arise 
the varying degrees of toxicity, numerous physiological disturbances are pos- 
sible and it is these with which we are concerned. The difficulty in definitely 
identifying the principal growth retarding factor is apparent. The per cent alkali 
in soils tells us little about how plants will be affected. It is the strength and 
nature of the soil solution in which the roots are bathed which concerns most. 
The physical or mechanical condition of the soil induced by or accompanying the 
saline accumulation is also a factor in the fertility of these types which makes 
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more difficult any estimation of their fertility. Island soils in which excessive 
accumulations have taken place can usually be immediately identified by their 
highly adhesive properties or ^^sticky'^ texture. 

The writer believes that one of the big problems in the study of soil fertility 
on Island irrigated plantations involves the accumulative tendency of saline 
material from artesian irrigation water and its effect upon the soil and growth of 
cane. There has unquestionably been, in the past, a notable accumulation in some 
fields. Is it not better, therefore, that our investigations precede rather than 
await such time as the fertility of these fields is greatly impaired, assuming that 
such may in time occur ? 


Plan of Investigation 

As a means of investigating the role which saline accumulation played in the 
failure of Lahaina, the following line of study was taken up: 

1. To remove the actual soil solution by displacement from a representative 
number of irrigated soils and to determine by analysis the composition of these. 

2. To determine the effect on. plant growth of reducing the soluble saline 
content by leaching these soils. 

3. To study by water and sand cultures the toxicity of the salts found in 
the above analyses toward sugar cane, comparing Lahaina and H 109 varieties. 

Review of Literature 

Often in alkali soils some one class of salts will predominate. Thus we have 
sulphate alkali, carbonate or ‘'black’’ alkali and chloride alkali. Sulphate alkali 
is generally considered the least harmfid toward plant growth. In most of the 
soils thus far examined by the writer, chloride salts are in excess and it is in 
the physiological effects of this class on sugar cane that we are most interested 
here. There* has been considerable work done on the action of chloride salts 
upon plant growth and, as above stated, there has been found a lesser tolerance 
than for sulphates. In fact a number of investigators go so far as to condemn 
the use of chloride (muriate) of potash on this basis. Experimental evidence 
is not lacking, confirming this contention as applied to some crops, which of course 
is not true for all. 

Loew (7) found that calcium and magnesium chlorides have an injurious 
effect on plants probably on account of the liberation of hydrochloric acid in the 
cells, this not being assimilated like sulphuric and nitric acids and therefore accu- 
mulating to a noxious degree. 

Wheeler and Hartwell (18) found calcium and ammonium chlorides to exert 
a marked poisonous action on certain plants. 

Tottingham (17) says: “It is certain that some seed plants contain much 
more chlorine than others ; that some may endure much higher chloride con- 
centration about their roots than others and that differences in the amount of 
this element in the soil are frequently accompanied by characteristic differences in 
development and growth. The species of plant, type of soil, and the complex of 
factors considered as climate, greatly influence the effects.” 
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In Utah, where extensive accumulations of sulphates and chlorides have been 
found in soils, Harris (5) found that ‘'the anion or acid radical and not the 
cation or basic radical determines the toxicity of the alkali salt. Of the acids used 
the chlorides were decidedly the most toxic, while sodium was the most toxic 
base.'’ He gives the chlorides in the following order of toxicity : sodium chloride, 
calcium chloride, potassium chloride and magnesium chloride. 

Harter (6) has shown that plants grown in saline solutions undergo modifica- 
tions of structure which reduce transpiration. Increase in thickness of cuticle 
and a deposit of wax upon the leayes results from excess of soluble salts. The 
absorbing capacity of the roots is checked, creating a physiological drought. In 
other words, the physiological changes in the plant are due to attempts to reduce 
the rate of transpiration. It is of interest to mention at this point that this same 
condition was often noted in the so-called Lahaina disease on the irrigated 
plantations. 

Loew (8) has noted in the presence of injurious concentrations of sodium 
chloride a retardation of the assimilation processes in leaves, a reduction in 
chlorophyl and a decrease in sucrose content of sugar beets. 

In India, Row ( 16 ) has given some attention to the growth of sugar cane on 
saline land. He found sodium chloride to be the principal growth retarding salt 
and showed that an excess of this salt increased the chlorine content of the juice 
and lowered the juice purity, sucrose and glucose content. He says that thick 
juicy cane varieties will not come up at all in saline land, while the thin, less juicy 
varieties are less affected by the salt. 

Reed and Haas (15) working on orange trees found that large amounts of 
chlorides cause tip burn and abscission of leaves and death of young shoots. 
Sodium chloride restricted root growth and death of old leaves in concentrations 
greater than 1,000 parts per million. Calcium chloride increased growth of roots 
and tops up to 3,000 parts ])er million, although slight injury was caused by the 
highest concentration. Orange trees growing in saline soils were greatly benefited 
by leaching. 

No attempt is made at completeness in the preceding review of the literature, 
but rather it is the intention to stress the generally recognized property of 
chlorides in retarding plant growth. A large amount of work has been done on 
the toxicity of chlorides as single salts, under which conditions it is an easy 
matter to determine the toxic range. The ])roblem becomes complex when one 
attempts to reproduce soil conditions, as here we encounter an almost indeter- 
minable array of several salts present in widely variable ratios. As the question 
of saline accumulation and its relation to plant growth is by no means a new 
subject in the Islands, it is of interest to review in some detail the previous work 
of members of the Experiment Station staff on account of its direct bearing on 
our present observations. 

Early attention was given to saline soils by Maxwell (9). He noted some 
localities sufficiently contaminated by sea water as to be destructive to vegetable 
'^ife. In most instances he says the deleterious agent is common salt ; in others 
there is a mixture of common salt with the chlorides of calcium and magnesium. 
He says the latter are the most injurious to plant life and in the lowlands lying 
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almost level with the sea where there are no means of getting these salts removed, 
their impregnation renders the soil useless., The following data published by him 
show some effect of the salt on sugar cane: 

SALT IN HAWAUAN SUOtAR LANDS AND ITS EFFECT UPON SUGAE CANE 


Per Cent Salt 


Soil No. 

Location 

in Soil 

Condition of Cane 

1 

Highlands 

061 

Normal 

2 

ti 

063 

t ( 

3 

( i 

050 

i ( 

4 

i t 

059 

i t 

5 

Lowlands 

129 

Not wholly healthy 

6 

i i 

130 

Not wholly healthy 

Quite healthy and normal 
Yellow color 

7 

f ( 

155 

8 

< i 

181 

9 

t { 

181 

Yellow color 

10 

( i 

460 

Small, yellow, stunted 

Cane white and dying 

Leaves bleached, cane small 

11 

t i 

832 

12 

Sea bluff land 

223 


From the above he concluded that soils containing over .15 per cent salt, un- 
less a liberal allowance is made of some efemei^ to force on the growth, the sugar 
cane is liable to suffer. / 

Further data which he presents are of interest and include the yield of three 
parts of one field which contained different amounts of salt in the soil. The soil 
in other respects was identical: 

EFFECT OF SALT ON GROWTH OF CANE 


Field Salt in Soil Per Cent Yield of Sugar i)er Acre in Tons 

First part .10 6.0 

Second part .45 1.5 

Third part 1.00 0.0 


In order to show the sensitiveness of sugar cane to salt and the ease with 
which the plant takes it up, he presents the following: 


EFFECT OF SALT ON SUGAE CANE 

Salt in Water Salt in C'ane Juice 


Condition of Water Per Cent Per Cent Condition of Cane 

Slightly brackish .125 .470 Growing 

Highly brackish ,223 .714 Fying 


He comments as follows : ‘Tn the above example the soils contained the same 
amounts of salt, about .15 per cent, which is too high to cCme in contact with 
even the slightly brackish water without detriment to plants. The extreme 
sensitiveness of sugar cane to salt content of water Ts made very clear. From 
our present experience the danger point should be placed at .14 per cent or 100 

l^ains per Imperial gallon.^’ 
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Additional work on this problem was done by Eckart (3) which, along with a 
number of calculations, is of interest. As an example he took a plantation using 
2,500,000 gallons of water per acre per crop, which water was found to contain 
125 grains salt per U. S. gallon. With such an irrigation goes 44,642 lbs. of salt 
during the growth of one crop. If the land in question was not irrigated to a 
point above saturation practically none of this water would drain oif and the salt 
would remain in the soil. On the plantation in question the salty water was 
having no apparent effect upon the cane. The manager did not feel that he was 
using an excess of water because if he decreased the amount applied the cane 
suffered. Eckart questioned whether it was a case of too little water or too much 
salt accumulation in the surface areas resulting from insufficient water to leach 
the salt to lower levels. He offered the suggestion that the cane in this case suf> 
fered from accumulated salt and not lack of water. 

Eckart \s work (2) on the effect of saline water on the soil and cane is also 
of interest. He showed experimentally that saline water passes through the soil 
quite rapidly, provided an outlet for subdrainage is at hand, and carries with it 
large amounts of lime, |)otash and magnesia. Thus he showed a tendency toward 
a preponderance of basic sodium through a replacement of the other bases or an 
establishment of a saline equilibrium. Heavy rains and excessive irrigations 
only can prevent the saline accumulation, but he emphasizes that with this must 
go large quantities of calcium, magnesium and potash. He determined the rela- 
tive toxicity of these salts by tub experiments. In these he showed the toxicity 
quite conclusively, depending, however, on the rate and quantity of irrigation 
water applied as well as the nature of the soil. From this work he concluded that 
when occasional excessive irrigations are applied to cane growing in tubs (con- 
structed so as to allow free drainage), the use of irrigation water of high salt 
content only checked in a small measure the growth of the cane. Without the 
excessive irrigations the cane died. He also showed that large quantities of lime 
were liberated and that the calcium chloride formed was less toxic than sodium 
chloride. 

He next conducted these experiments on a field scale (4), which yielded even 
more convincing data. The tables showing the effect of saline irrigation upon the 
quality of the juice and yield of cane are of considerable interest and are repro- 
duced below : 


QUALITY OF JUICE 


Chlorine Grains Salt Grains 

Salt por Brix Suerose Glucose Purity Gums per Gallon per Gallon 

Gallon of Water of Juice of Juice of Juice Juice Juice of Juice of Juice 

None 20.28 18.90 .312 93.20 .43 9.8 16.17 

200 grs 16.46 14.40 .264 87.50 .53 93.1 153.63 

200 grs 16..56 14.50 .271 87.60 ..56 84.9 140.17 

200 grs. 15.89 13.80 .280 86.80 .50 10.5.2 173.67 
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YIELD OF CANE AND SUGAB FEB ACBE 


Salt Per 


Cane per 

Sucrose in 

Sugar per 

Gallon of Water 

Lime Added 

Acre, Lbs. 

Cane per Cent 

Acre, Lbs. 

None 

No lime 

. 151,675 

16.91 

25,648 

200 gra. 

G. coral 

. 42,311 

12.88 

5,449 

200 grs. 

Gypsum 

. 42,108 

12.97 

5,461 

200 grs. 

No lime 

. 30,085 

12.35 

3,715 

He comments on the above as follows: 

'‘The difference in yield of 

cane and 


sugar was remarkable. As for the effect on the quality of the juices, the juice 
of the cane receiving saline irrigation was characterized by lower density, less 
sucrose and glucose, lowet purity and a much larger concentration of salt than the 
juice from the cane receiving fresh water.’* Extra irrigation tended to materially 
increase the yield and quality of the cane. 

Some experiments started by Blouin (1) in 1901 and continued to 1903 are 
also of interest. In these experiments amounts of salt in the irrigation water 
were varied from SO to 200 grains per U. S. gallon. The data showing the 
yields of sugar and cane per acre and quality of juices are given in tabular form 
and are reproduced below : 

IBBIGATION WITH SALT WATBB 


Salt per Gallon of 



Salt Added per Acre Cane Yield per Aero 

Irrigation Water 




per Crop 

in Lbs. 

50 grains per gallon. 




14,159 


135,675 

100 grains per gallon 



28,318 


92,754 

150 grains per gallon 



42,477 


102,744 

200 grains per gallon 



56,636 


79,860 



ANALYSES OF 

jxnoEs 



Salt per Gallon 


Sucrose 

Glucose 


Chlorine 

Chlorine Grains 

Irrigation Water 

Brix 

per Cent 

per Cent 

Purity 

per Cent 

per Gallon Juice 

50 grains 

.19.79 

18.1 

.249 

91.46 

.0520 

30.212 

100 grains 

.20.07 

18.3 

.219 

91.18 

.0758 

44.04 

150 grains 

.18.89 

17.0 

,281 

89.99 

.0778 

45.086 

200 grains 

.18.07 

16.35 

.534 

90,42 

.1010 

58.681 



YIELDS FEB ACBE 



Salt per Gallon 




Sucrose in Cane 


Irrigation Water 


Cane per Acre per Cent 

Suger per Acre 

50 grains 



135,675 


16.2 

21,979 

100 grains 



92,754 


16.38 

15,193 

150 grains 



102,744 


15.22 

16,638 

200 grains 



79,860 


14.63 

11,684 


These tables show a close relation between the salt content of the irrigation 
water and yield of cane and sugar. Also, there wa§ a steady decline in purity 
of juice with increase in salt, and along with this there was noted a drop in 
i^ensity and sucrose but a material increase in glucose. 
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Peck (13) has shown that the chlorine content of molasses is related to the 
source of the cane. It varied from .644 to 3.277 per cent, the lowest figure being 
obtained on molasses from unirrigated plantations. The more brackish the water, 
the higher the chlorine content of the molasses. 

Composition of the Soil Solution 

Taking the Lahaina failure as an indicator of infertility, a series of soil sam- 
ples was collected from irrigated fields on the island of Oahu to study the com- 
position of the soil solution. These samples were taken from areas where Lahaina 
was still growing or where it had previously failed. This phase of the investiga- 
tion has already been published (10) and will not be repeated here. Suffice it 
to say that it showed unmistakable evidence of a large accumulation of saline 
material in many irrigated fields and a low vitality in Lahaina cane as compared 
to some other varieties notably H 109 and Yellow Caledonia when grown under 
such conditions. The chlorides were in all cases in excess of sulphates. Sodium, 
except ill one case, was in excess of calcium, magnesium and potassium, while 
calcium was in greater concentration than magnesium. A rapid decrease in 
chlorides as a result of the winter rains was shown in this data. 

These analyses have been recalculated to show the ratio of sodium, calcium 
and magnesium in the soil solution and also that of sulphates and chlorides. In 
these calculations magnesia was taken as 1 in the ratio of bases, while SO.j was 
taken as unity in the SO.j : CT ratio. 

TABLE 1 


Ratio of Acid and Basic Radicals 


?oil No. 


NaaO 

CaO 

SO;. 

Cl 

1 

1 

1.6,3 

2.33 

1 

6.43 

3 

1 

6.47 

1.10 

1 

15.00 

4 

1 

2 . 20 

1.20 

1 

2.20 

5 

1 


1.06 

1 

6.50 

6 

1 

2.30 

1.01 

1 

5.0 

7 

1 

3.40 

1 . 30 

1 

8.0 

8 

1 

4.60 

1.30 

1 

1.9 

9 

1 

3.00 

2.20 

1 

4 . 5 

14 

1 

3 . 60 

1 . 00 

1 

0.85 

15 

1 

5.20 

1.50 

1 

3.30 

16 

1 

2.55 

1.60 

1 

0.81 

17 

1 

2.70 

1.50 

1 

3.00 


This table shows that it is not entirely a question of ratio of either basic or 
acid ions independent of concentration, but rather principally the latter. It is of 
interest to note the consistency of the magnesia-lime ratio in these soil solutions 
and the wide variation in the ratio of sodium to calcium and magnesium. 

Leaching Experiments 

Having shown in the study of the soil solution the higher concentration of 
saline material in the fields in which Lahaina grew with least vigor, our next 
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step was to show the effect of leaching such a soil upon the growth of Lahaina. 
With the exception of black alkali (sodium carbonate) the other alkali salts may 
be leached from soils with comparative ease by excessive irrigation. With this 
in mind a quantity of soil was obtained from such a field, placed in tubs (40 lbs. 
soil per tub) and the following series of treatments were carried out: 

1. Unleached soil was placed in the tub just as obtained from the field. 

2. Four gallons of water were added, equivalent to 2,000,000 gallons per 
acre per crop or one crop’s irrigation. 

3. Same treatment as 2 except 8 gallons of water, equivalent to 2 crops, 
were used. 

4. Twelve gallons equivalent to 3 crops. 

5. Sixteen gallons equivalent to 4 crops. 

6. Twenty gallons equivalent to 5 crops. 

The water was applied at the rate of 2 gallons per day, allowed to stand over 
night and then drained off by subdrainage. This was continued daily until each 
treatment had received its full application of water. The leachings were collected, 
measured and aliquots taken for analysis in order to determine the amount and 
composition of the saline material removed. 

Effect of Leaching on Growth: Each pot was planted with one Lahaina seed 
(three-eye seed with two eyes pinched out) on September 18, 1924. Growth 
measurements were taken of the plants beginning October 1, and continuing to 
December 18. These results are shown graphically in Fig. 1. This figure shows 
the rate of growth, final height of main shoot plus additional growth from 
stooling, and final dry weight of roots and tops. These show very clearly the in- 
creased fertility obtained on removing the excess of saline material, and show 
that saline accumulation is a growth retarding factor in this soil. 

Unfortunately, this soil is a very heavy clay, the particles of which have been 
greatly deflocculated by the saline material. The heavy leaching treatment given 
in this experiment greatly increased this puddled condition, thus checking the 
growth in the pots from which the salt had been leached. At the completion 
of the experiment the soil in the unleached pot was in a much better mechanical 
condition than the others, although poor itself. The soil particles in all pots were 
so closely cemented as to make it impossible to remove the roots intact for 
photographing. 

The relation of climatic factors to toxicity of saline accumulation was also 
strikingly brought out in this experiment. On sunny days the leaves on the 
plant in the unleached pot were badly curled, as if suffering from drought, when 
as a matter of fact the soil was practically saturated. This characteristic curling 
was entirely absent in the pots receiving the heaviest leachings, and rarely noted 
in treatments 2 and 3. 

From October 16 to November 1 there was very little additional growth in 
the check, after which renewed growth took place. This was due to a series of 
sunny days up to November 1, after which a month of cloudy and rainy days 
set in. Attention is called to the relation of such changes to the physiological 
effects of high saline concentrations. There is less toxicity where the rate of 
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Fig. 2, Left to right: 1. Check — soil not leached. 2. Boil leached with one 
crop’s irrigation. 3. Soil leached with one crop’s irrigation. 


transpiration is lowered by cloudy days, which is in agreement with the general 
observations on alkali lands. A high rate of transpiration such as takes place 
on dry, sunny days japidly exhausts the plant vitality by a high rate of saline 
absorption in supplying the moisture passing through the plant and evaporating 
from the leaves. On December 18 the plants were transferred to the shelter of a 
greenhouse where, other than being stunted in growth, there was less outward 
appearance of toxicity than when grown in the open. The comparative growth 
of the plants is shown in Fig. 2. 

It seems fair to interpret these observations as indicating that the growth 
of Lahaina cane will be greatly enhanced by the removal of accumulated saline 
material ; and, further, thit the concentration of salts in some irrigated fields has 
already reached sufficient accumulation as to seriously retard the growth of the 
Lahaina variety. 

Mineral Composition of Plants: The roots and tops from these plants were 
analyzed separately in order to note the effects of saline material on the inorganic 
constituents of the plant. The results of the analyses are given in the following 
table as per cent of ash and as per cent of dry (water free) material: 
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36.00 28.60 7.88 4.67 4.98 6.43 .54 7.29 6.07 



422 


Ash: With one exception, the ash or total mineral matter absorbed by the 
plant was less in the plants grown on the leached soils. 

Silica: There is no difference in the amount of silica absorbed as per cent 
dry matter. On the other hand, on the basis of total mineral matter or ash 
present in the plants there is a greater ratio of silica in the ash of plants grown 
on leached soils. 

Iron and Alumina : These elements show no consistent variation. 

Lime and Magnesia: Lime and magnesia were taken up by the plant in 
decreasing amounts With increase in amount of water used in leaching, showing 
the high absorption of these elements probably as chlorides when a high con- 
centration is present in the soil solution. 

Sodium: The effect of sodium upon the mineral balance of the cane is shown 
principally in the roots. Here there is a very high absorption of sodium, which 
is materially reduced by leaching the soil. There is no consistent relation in the 
sodium content of the tops, indicating that calcium and magnesium chlorides may 
be the primary toxic agents in the above-ground parts of the plant. Other 
analyses which we have ,made have shown that it is characteristic of sugar cane 
to retain the largest amount of sodium in the roots, while potash is present in 
excess in the tops. 

Potash: Here, again, the principal variation is in the roots, where increased 
absorption of calcium, magnesium and sodium has materially reduced the absorp- 
tion of potassium in the unleached pot, while leaching the soil had the effect of 
increasing the absorption of potash. In other words, calcium, magnesium and 
sodium tend to retard potash absorption when present in excess. It is of interest 
to state that the field from which this soil was obtained responds markedly to 
potash fertilization. 

Chlorine: The amount of chlorine absorbed by the plant is greatly reduced 
by leaching the soil, and, as shown in the illustrations, the growth of cane was 
very greatly benefited thereby. 

Phosphate and Sulphate: There is no consistent relation in the phosphate 
absorbed. As for the sulphate content of the plants, the per cent dry matter 
shows a higher absorption by the roots in the unleached soil but no difference in 
the tops. 

Mineral Matter Removed from the Soil by Leaching: The soil solution as 
removed from this soil by the displacement method was found to contain 14,408 
parts per million solids with 5,388 parts per million chlorine. This is equivalent 
to practically 30 per cent of the total mineral matter and means that the plant 
roots would be bathed in practically an N/7 solution of salt at this moisture con- 
tent. The per cent moisture in the soil used for the removal of the soil solution 
was 14 per cent and only slightly below what it would be under field conditions 
for this type. 

The leachings from all pots were collected, well mixed and aliquots taken for 
analysis. The results are given in the following table: 
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TABLE 3 

Ck)mpasdltioii of Drainage Water in Parte per Million 



Total 

Silica 

Lime 

Mag. 

Soda 

Potash 

Sulphur 

Trioxide 

Chlorine 

Pot No. 

Solids 

SiOs 

CaO 

MgO 

Na 20 

KoO 

SO 3 

Cl 

1 

2 

4178 

23 

531 

not leached 

279 506 

43 

588 

1220 

3 

..... 2692 

23 

338 

180 

463 

30 

360 

768 

4 

1.580 


189 

109 

289 

13 

194 

432 

5 

1368 

20 

172 

95 

279 

15 

186 

372 

6 

1636 

22 

183 

101 

318 

13 

164 

484 

Amount 

of Each Element Eemoved 

per Pot by Leaching, Results in G-rams 

2 


2 

5.0 

2.6 

4.8 

.4 

5.6 

11.6 

3 

60.6 

.5 

7.6 

4.0 

10.4 

.7 

8.1 

17.3 

4 

58. .5 


7.0 

3.9 

10.7 

.5 

7.2 

16.0 

5 

62.4 

.9 

7.9 

4.4 

12.8 

.7 

8.5 

17.1 

6 

94.9 

1.3 

10.6 

5.8 

18.4 

.7 

9.5 

28.1 


After harvesting the plants in the pots the soils were analyzed for water solu- 
ble constituents by extracting one part soil with five parts water. It was the 
original plan to make analyses of the soil solutions obtained by displacement, 
but the soils were so badly puddled and in such a bad mechanical condition that 
it was impossible to pack it properly in cylinders. The results of these analyses 
are given in the following table : 


TABLE 4 

Composition of Water Extracts Calculated to Parts per Million Dry Soil 

Sulphur 



Total 

Lime 

Magnesia 

Soda 

Potash 

Trioxide 

Chlorine 

Pot No. 

Solids 

(^aO 

MgO 

NaoO 

KoO 

SO 3 

Cl 

1 

3122 

373 

206 

.587 

60 

513 

813 

0 

1264 

127 

63 

311 

38 

184 

177 

3 

1099 

104 

43 

276 

43 

122 

98 

4 

nor 

110 

64 

226 

45 

103 

103 

5 

1040 

104 

52 

227 

32 

71 

104 

6 

985 

104 

55 

246 

36 

73 

98 


Table 3. shows the large amount of leachable material in this soil. It is com- 
posed in the main of the chlorides and sulphates of sodium, calcium and mag- 
nesium, with the former in excess. 

The analyses of the water extracts of the soils at the end of the experiment 
show a remarkably constant composition in the soils which had received the 
equivalent of 2, 3, 4 and 5 years’ irrigation. This agrees with the growth measure- 
ments obtained in the pot experiments, where it will be noted there was little or 
no increase in'p^ growth beyond the 2-year irrigation. This is undoubtedly 
due to the poor mechanical condition of this soil type and the treatments would 
probably have shown a higher extraction of saline material in a more porous soil. 


6 
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Further discussion of the composition of the soil solutions and the data 
obtained in the leaching experiment is of interest at this point. It was found on 
studying the soil solution (10) that in ten cases out of eleven, sodium was in 
excess of calcium and magnesium, while in one case, that of the highest saline 
accumulation, calcium was in excess. In all cases except two (well drained 
soils) chlorides were in excess of sulphates. And further, in all cases calcium 
was in slight excess over magnesium. 

The excess of calcium in the soil solution of highest concentration is of more 
than passing interest. It shows that calcium chloride is the most soluble salt 
present in these soils ; that it will be most readily leached to the lower strata and 
is the slowest in returning to the soil surface during periods of evaix^ration. The 
downward movement of water through the pore spaces is much more rapid than 
the upward movement by capillarity, and therefore in the former will carry in 
excess the more soluble calcium chloride. The salts carried to the surface by 
capillarity and deposited as a crust by evaporation are in greater equilibrium, 
and will therefore carry less calcium chloride in proportion. Over an extended 
drought, however, or during the dry summer months if the soil surface is exposed, 
the soil moisture becomes saturated in the upper layer, resulting in the precipita- 
tion of the less soluble salts, notably calcium sulphate. There results frofin this a 
concentration of the chlorides of calcium and sodium, more especially the former. 
The correctness of this contention is further demonstrated in the composition of 
the leachings from the pot experiment, in that the first leachings show an excess 
of calcium chloride over sodium chloride, while in continued leachings this is 
changed to an excess of sodium chloride. 

It is of interest to state that in some cases the growth of Lahaina on these 
soils has been improved somewhat by gypsum, which would tend to reduce the 
conditions above described. That is, a reaction between the calcium sulphate and 
sodium chloride would yield calcium chloride as one of the end products which 
would be more rapidly leached by the rains and irrigation water. 

Further evidence of the presence of calcium chloride is shown by the ‘‘sticky'’ 
texture of the saline areas, this salt tending to retain for a longer period a 
saturated moisture condition. The highly hygroscopic properties of calcium 
chloride preclude its ever being deposited in the surface crust of salt, but rather 
to be present in a high degree of concentration in the soil solution. 

Sand and Water Cultures Showing the Effect cf Chlorides and Sul- 
phates oF'SoDiUM, Calcium, Magnesium and Potassium on 
Lahaina and H 109 Varieties 

In planning a series of water cultures it was necessary to run a preliminary 
experiment using concentrations covering a wide range in order to select a more 
restricted range for closer cultural study. This was necessary because of our 
lack of knowledge of the toxicity of these salts in pure culture. The highest 
concentration noted in our examination of the concentration of the soil solution 
from the field was approximately 6,000 parts per million chlorine or .2 to .1 nor- 
mality. The culture solutions for the preliminary experiment were therefore made 
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up as .2, .1, .05, .02, .01 and .004 normality for the sodium chloride, magnesium 
chloride, potassium chloride, sodium sulphate and magnesium sulphate while the 
same were used for calcium chloride except that there was added a .4 normal solu- 
tion, and the .004 normal solution was omitted. 

As containers for growing the plants, one-half gallon glass percolators were 
used. These were filled with silica sand and an outlet allowed in the bottom 
of the percolator for the drawing off of the nutrient solution at varying periods 
(weekly), when fresh nutrient was added. Cane shoots were prepared by grow- 
ing from seed pieces to a height of approximately ten inches, at which time 
they were cut from the seed piece and placed in the sand cultures with about 
one-half inch of the base below the surface. As a basic nutrient to which the 
salts were added, the following was used in this and the following experiments : 


.2 normal calcium nitrate 15 ec. per litre 

.1 ammonium nitrate 10 

.1 ^ ^ potassium chloride 8 ‘ ^ ‘ ^ ^ ‘ 

.2 magnesium sulphate 8 

8.3 grams per litre calcium phosphate 5 “ 

Ferric citrate trace 


The shoots were planted on December 19, two Lahaina and two H 109 in 
each percolator. Observations of the progress of the experiment were made from 
time to time, some of which are of interest. 

December 30 — Sodium Chloride Cultures: This salt appears to cause more 
distinctly rolled leaves, less bleaching, or chlorosis in high concentrations, but 
rather a brown, wilted condition, beginning at the tip of the leaves in Lahaina. 
With H 109, wilting is almost without loss of color in the higher concentrations, 
and where chlorosis does appear it occurs only along the tissues carrying the 
smaller vascular bundles, as in the yellow or bleached striping of Pahala blight. 

Magnesium Chloride Cultures: The effect of the magnesium chloride is 
shown in a more solid, uniform bleaching of the leaves with no appearance of 
striping. This form of chlorosis is an exact reproduction of the chlorosis often 
noted in young shoots from stubble in many (3ahu fields. In the highest con- 
centrations the plants wilted without any development of chlorosis. 

Calcium Chloride Cultures: In the stronger concentrations there is a notable 
wilting. At lower concentrations, .01 normal, the chlorosis takes the form of a 
stripe, such as described under sodium chloride. 

In later observations, similar conditions as above described were noted. The 
experiment was continued to January 27, at which time the plants were removed 
and observations made on the roots as well where the plants were still alive. 
Detailed observations are omitted becaiuse these will be taken up in the experi- 
ments to follow. In general, speaking of the plant as a whole, there was indica- 
tion of a greater resistance to chlorides in the H 109 as compared to Lahaina, 
This was shown principally in the length of time preceding appearance of toxicity 
in the shoots following their planting in the culture solutions. H 109 was by no 
means immune, but rather shows notable saline toxicity under the conditions of 
this experiment, which may not hold true under soil conditions. 
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The sulphate cultures gave somewhat similar results in that there was notable 
toxicity in high concentrations and less resistance in Lahaina as compared to 
H 109. In this series little or no chlorosis developed and there was an entire 
absence of the striping of the leaves, as shown in the chloride cultures. 

On the basis of this preliminary experiment a range of concentration varying 
from 500 to 4,000 parts per million chlorine was selected. It appeared to be 
the better plan to have all cultures containing equal parts of chlorine from the 
different bases. For this, stock solutions containing 100 grams chlorine per 
litre were made up of sodium chloride, magnesium chloride, calcium chloride and 
potassium chloride. Also, solutions of sodium sulphate, magnesium sulphate and 
potassium sulphate were made up containing 100 grams of SO^ per litre. From 
these, by proper dilution, five different concentrations were used, each containing 
the nutrient solution previously described, and were as follows : 

1. Nutrient solution plus 4,000 parts per million chlorine. 

2. Nutrient solution plus 3,000 parts per million chlorine. 

3. Nutrient solution plus 2^000 parts per million chlorine. 

4. Nutrient soliltion plus 1,000 parts per million chlorine. 

5. Nutrient solution plus 500 parts per million chlorine. 

A similar series was prepared for the sulphates, except that the most dilute, 
namely, 500 parts per million, was omitted. Also, a set of cultures was pre- 
pared in which the three chlorides, calcium, magnesium and sodium were com- 
bined in the same ratio as found in the analysis of the soil solution from the soil 
used in the pot experiment. 

The Lahaina and H 109 shoots were prepared as previously described. The 
plants were grown in 250 cc. wide mouth bottles, wrapped in black paper, and 
the nutrient solution changed once each week. The original height of the shoot 
used materially influences the results obtained in comparative toxicity studies. 
For this reason, while it was not possible to obtain all shoots on the same day, 
they were all selected of as nearly the same height as possible. It was originally 
intended to carry the Lahaina and H 109 plants at the same time, and seed pieces 
were planted accordingly for obtaining the shoots. The H 109 failed to germi- 
nate in sufficient number to supply the requirements, so that it was necessary to 
to carry the experiment in two parts. The Lahaina shoots were started March 
2-6, and the H 109 Apf’il 30 to May 4. The experiments were carried out in two 
duplicate sets, in one of which the roots were germinated in tap water and 
grown to a length of one-half to one inch before placing in the chloride culture. 
In the second the shoots were started immediately in the culture solutions, or 
before the roots had germinated. All photographs show plants after having 
grow.n for one month in the culture solutions. 

Sodium Chloride Cultures: Four days after placing the Lahaina shoots in 
the^bdium chloride cultures the effect was apparent lioth in tlie chlorotic appear- 

of the leaves and a crooked or ‘^hooked’' root system in all except the solu- 
^n containing 500 parts per million chlorine. In the same period of time there 
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was little or no appearance of chlorosis in PI 109, and far less crooked roots, 
but stunted growth was evident as compared with the control. PI 109, in other 
words, failed to show the outward appearance of the effect of this salt as did 
the Lahaina. The condition of the plants at the end of the one month period is 
shown in Figs. 3 and 3A. At 4,000 parts per million H 109 made better growth 
of both roots and tops. There is little difference at 3,000, 2,000, 1,000 and 500, 
as far as can be shown by photograph, other than the drooping tops in the Lahaina 
and the better top growth of Lahaina at 1,000 and 500 p.p.m. On the whole, 
there was less top injury in Lahaina and less root injury in H 109. The sec- 
ondary roots were longer on the PI 109 plants. At the one month period a 
chlorotic condition was quite noticeable in the H 109 plants, showing itself in 
the form of a bleached condition in stripes along the smaller vascular bundles 
in the leaves. 

Calcium Chloride Cultures: In the calcium chloride cultures a disturbance 
was noted in the 4,000, 3,000 and 2,000 p.p.m. cultures on the Lahaina plants, 
as shown by chlorosis and crooked roots. In the same period of time no dis- 
turbance was noted in the H 109 except in the strongest concentration. As in 
the sodium chloride cultures the li 109 showed less chlorosis throughout. On the 
other hand, in the calcium chloride the H 109 showed the earliest distress. At the 
end of the one month period, at which time the plants were photographed. Figs. 
4 and 4A, H 109 had made the better growth in the highest concentrations, and 
notably better root growth in the lower concentrations. Chlorotic leaf stripes 
were present on the plants in the 4,000, 3,000, 2,000 and 1,000 p.p.m. solutions. 

Magnesium Chloride Cultures: In the magnesium chloride cultures a toxicity 
toward Lahaina was evident in 4 days’ time in the 4,000, 3,000, and 2,000 p.p.m. 
cultures. As in the other series, during the early stages of the experiment, IT 109 
failed to show any disturbance other than stunted growth as compared to the 
checks. As shown in PTgs. 5 and 5A, H 109 as compared to Lahaina made better 
root growth in the three most concentrated culture solutions. There was no leaf 
striping in this series. 

Potassium Chloride Cultures: Some surprising results were obtained in the 
potassium chloride cultures, showing a striking toxicity of this salt toward H 109. 
In the Lahaina series there was little toxic action toward the roots, although the 
tops were greatly stunted, and in some cases dead in the two highest concentra- 
tions. This was the only chloride in which a good growth of secondar}' roots was 
obtained with the Lahaina. In the H 109 series the plants showed early toxic 
effects from the K Cl at these concentrations, and at the end of one month all 
plants were dead in the 4,000, 3,000, and 2,000 p.p.m. cultures, although there was 
fair root growth at 2,000 p.p.m. The comparative growth is showui in Figs. 6 
and 6A. 



428 


Mixed Chloride Cultures: The results obtained in this series are significant 
and indicative of the different effects of high chloride concentrations in the field 
upon the growth of Lahaina and H 109. With the possible exception of the 
sodium chloride series the combined chlorides showed greater toxicity toward 
Lahaina than any chloride singly. This was especially true with the rapidity 
in which the plants succumbed to the highest concentrations. Four days after 
placing the shoots in the culture solutions toxicity was evident in all Lahaina 
plants. On the other hand, with H 109 this series was by far the healthiest set 
of plants in the entire experiment, with the possible exception of the potassium 
sulphate set. Little toxicity was evident even at 4,000 and 3,000 p.p.m. The 
poorest plants were obtained in the solutions containing 2,000 p.p.m. chloride. 
The most significant difference was in the top growth which, in the preceding 
series, it will be noted was most often affected (see Figs. 7 and 7 A). 

Magnesium Sulphate Series: Magnesium sulphate showed notably less toxic- 
ity toward Lahaina than the chloride. Injury appeared principally in the tops, 
which were badly stunted in growth by the high concentration of salt. Secondary 
root growth was fairly good in this series. On the other hand, this salt appeared 
to be more toxic toward H 109 than Lahaina. The secondary roots were markedly 
stunted as compared to the Lahaina roots. There was little or no chlorosis in 
this series as compared to the magnesium chloride. These cultures are shown in 
Figs. 8 and 8A. 

Sodium Sulphate Series: Of the sulphates, sodium sulphate produced the 
greatest injury to the Lahaina. This was shown in an almost entire absence of 
roots in the 4,000 p.p.m. culture and the marked wilting of the tops in the entire 
series. At 1,000 p.p.m. there were good secondary roots. In the H 109 plants 
there was better root and top growth at 4,000 p.p.m., but in the rest of the series 
root development was more greatly retarded in the HT09. The color of the tops 
in spite of the notable stunted growth was practically normal. The comparative 
growth is shown in Figs. 9 and 9A. 

Potassium Sulphate Cultures: Potassium sulphate in all the concentrations 
used in this series had little or no effect upon the development of the roots in 
either variety during the one month period of the experiment. Also, there was 
little or no effect on the top growth of the H 109, in striking contrast to the 
potassium chloride series. The Lahaina tops were slightly chlorotic and wilted, 
but not greatly stunted in growth. It is of interest to compare the growth of both 
varieties in the potassiurn sulphate and chloride series. These salts illustrate more 
clearly than the others the comparative toxicity of the sulphate and chloride radi- 
cals. The potassium sulphate series are .shown in Figs. 10 and lOA. 

While it is recognized that certain limitations must be placed on the inter- 
pretation of results obtained in water culture experiments when applying the 
results to field conditions, it is believed that in the comparative behavior of H 109 
and Lahaina in the mixed chloride cultures there lies the cause of the difference in 
fertility of highly saline soils when cropped to these two varieties. That is to say, 
Hd09 possesses a greater selective power than Lahaina, has the property to with- 
s^nd greater concentrations of chlorides in its cell sap, or is more greatly favored 

antagonism. This difference in selective power of plants and varieties, and 




3. Showing t^fFcct of sodium chlorido on growth of Laliaiim variety (1 

month ). 

Left to right: 1. ('ontrol — nutrient solution. 2. Nutrient sodium cdiloride 
(4,d00 ]).p,m. (d ). 3. Nutrient -f- sodium (ddoride (3,000 p.p.m. (*1). 4. Nutrient 
-f- sodium chloride (2,000 |).p.m. Cl). 5. Nutrient H- sodium chloride (1,000 p.p.m. 
Cl). 6. Nutrient -f- sodium chloride (500 ]).p.m. Cl). 



Fig. 3A. Showing effect of sodium chloride on growth of H 109 variety (1 month). 
Left to right: 1. Control — nutrient only. 2. Nutrient -h sodium chloride (4,000 
p.p.m. Cl). 3. Nutrient -f- sodium chloride (3,000 p.p.m. Cl). 4. Nutrient -f- sodium 
chloride (2,000 p.p.m. Cl). 5, Nutrient -f sodium chloride (1,000 p.p.m. Cl). 6. 
Nutrient 4- sodium chloride (500 p.p.m. Cl). 7. Control — nutrient only. 






Fig:. 4 . Showing effect of calcium chloride on growth of Lahaina variety (1 month). 
Left to right: 1. Control — nutrient solution. 2. Nutrient + calcium chloride 
(4,000 p.p.m. Cl). 3. Nutrient -f- calcium chloride (3,000 p.p.ru. Cl).' 4. Nutrient -j- 
calcium chloride (2,000 p.p.m, (M). 5. Nutrient -h calcium chloride (1,000 p.p.m. Cl). 

6. Nutrient -f calcium chloride (500 p.p.m. Cl). 



Fig. 4A.. Showing effect of calcium chloride on growth of H 109 variety (1 
month). ^ 

Left to right: 1, Control — nutrient solution* 2. Nutrient + calcium, chloride 
(4,600 p.pim. Cl). 3. Nutrient -f- calcium chloride (3,000 p.p.m. Cl), 4, Nutrient 
-f- calcium chloride (2,000 p.p,m. Cl). 5. Nutrient -f- calcium chloride (1,000 
p.p.m. Cl)« Kutfient oalckmft chloride (500 p.p.m. Cl). 7. Control-— nutriont 
only. . 





Fig. C). Showing effect of inagnesium chloride on growth of Lahaina variety (1 
month). , 

Left to right: 1. Control — nutrient solution. 2. Nutrient -|- magnesium chloricle 
(4,000 p.j).m. ('!). Nutrient -h magnesium chloride (3,000 p.p.m. Cl). 4. Nutrient 

-f- magnesium chloride (2,000 p.p.m. Cl). 5. Nutrient -f- magnesium chloride (1,000 
p.p.m. (M). 0. Nutrient -h inagnesium chloride (500 p.p.m. Cl). 



Fig. 5 A. Showing effect of magnesium chloride on growth of H 109 variety (1 
month). 

Left to right: 1. Control — nutrient only. 2. Nutrient + magnesium chloride 
(4,000 p.p.m. Cl). 3. Nutrient -f- magnesium chloride (3,000 p.p.m. Cl). 4. Nutrient 
+ magnesium chloride (2,000 p.p.m. Cl). 5. Nutrient -H magnesium chloride (1,000 
p.p.m. Cl). 6, Nutrient + magnesium chloride (500 p.p.m. Cl). 7. Control — nutrient 
only. 






Fig-. f>. Hhowing effect of potassium chloride on growth of Lnhaiun variety (1 
mouth). 

Left to right: 1. Control — nutrient solution. 2. Nutrient 4* potassium chloride 
(4,000 p.p.m. Cl). 3. Nutrient -f* potassium chloride (3,000 p.p.m. Cl). 4. Nutrient 
+ potassium chloride (2,000 p.p.m. Cl). .5. Nutrient -j- potassium chloride (1,000 
p.p.m. Cl). 6. Nutrient potassium chloride (500 p.p.m. Cl). 



Fig. 6A. Showing effect of potassium chloride on growth of H 109 variety (1 
mdnth). 


i , Left, to Hght: 1. Controls — nutrient solution. 2. Nutrient + potassium chloride 
(4,000 p.p.m. Cl), 3. Nutrieiit + potassium chloride (3,000 p.p.m. Cl). 4. Nutrient 
■f potassium chipTide (2,000 p.p;m,;. Cl). 5. Nutrient 4- potassium chlonde (1,000 
p,p.ni. Cl). 6. Nutrient 4- potassium ehlpride (500 p.p.m. Cl). 7, Control— nutrient 
only. ~ ^ , . .. ■ _/: " 






Fig. 7. Sliowiiig of iiiixed oliloridt's of sodium, cnlciuin and magnesium on 

growth of Lahaina variety (1 month). 

Left to right: 1. (h)ntrol — nutrient only. 2. Nutrient -f* chlorides (4,000 p.p.m. 
Cl). 8. Nutrient -f- chlorides (3,000 j).p.m. Cl). 4. Nutrient chlorides (2,000 
p.p.ni. 01). 5. Nutrient -1- chlorides (1,000 p.]>.m. <'l). 6. Nutrient -f c'hlorides 

(500 p.p.m. Cl). 



Fig, 7 A. Showing effect of mixed chlorides of sodium, calcium and magnesium on 
growth of H 109 variety (1 month). 

Left to right; 1. Control — nutrient only. 2. Nutrient -j- chlorides (4,000 p.p.m. 
Cl), 3. Nutrient + chlorides (3,000 p.p.m. Cl). 4. Nutrient + chlorides (2,000 
p.p.m. Cl).. 5. Nutrient -f- chlorides (1,000 p.p.m. Cl). 6. Nutrient + chlorides 
(500 p.p.m. Cl). 7. Control— nutrient only. 






Fig. 8 . Showing effect of magnesium sulphate on growth of Lahaina variety (1 
month). 

Left to right: 1 . Control — nutrient solution. 2 . Nutrient + magnesium sul- 
phate (4,000 p.p.m. SO 4 ). 3. Nutrient + magnesium sulphate (3,000 p.p.m. SO 4 ). 

4. Nutrient magnesium sulphate (2,000 p.p.m. SO 4 ). 5. Nutrient 4- magnesium 

sulphate (1,000 p.p.m. 8 O 4 ). 



Fig. 8 A. Showing effect of magnesium sulphate on growth of H 109 variety (I 
ulonth). ^ V 

!• Cont'-ol— nutrient only. 2. Nutrient + wagnesium sulphate 
(4,000 p.p.m. 3, Nutrient -f magnesium sulphate (3,000 p.p.m. SO4). 4 . Nutri- 

“"iP**?;** (fi.OOO p.p.in. 80<). S. Nutrient + magnesium sulphate 
(1,000 p.p.m. 8 O 4 ). 6 . Cputrol— nutrient only. 






Fig. 9. Showing effect of sodium siilj^hate on grow’th of Laliaina variety (1 month). 
Left to right: 1. Control — nutrient solution. 2. Nutrient -}- sodium sulphate 
(4,000 i).p.m. SO4), 3. Nutrient -h sodium sulphate (3,000 p.p.m. SO4). 4. Nutrient 
-f sodium sulphate (2,000 p.p.m. SO4). 5. Nutrient + sodium sulphate (1,000 p.p.m. 
SO4). 



Fig. 9A. Showing effect of sodium sulphate on growth of H 109 variety (1 month). 
Left to right: 1. Control — nutrient only. 2. Nutrient -j- sodium sulphate (4,000 
p.p.m. 8O4). 3. Nutrient 4" sodium sulphate (3,000 p.p.m. SO4). 4. Nutrient + 

sodium sulphate (2,000 p.p.m. SQ4). 5. Nutrient + sodium sulphate (1,000 p.p.m. SO4). 

6. Control— -nutrient only. 







Fig. 10. Showing effect of potassium sulphate on growth of Lahjuria variety (1 
month). 

Left to right: 1. Control — nutrient solution. 2. Nutrient + potassium sulphate 
(4^000 p.p.ni. SO4). 3. Nutrient -f potassium sulphate (3,000 p.p.m. SO,|). 4. Nutri- 
ent -f“ TJOtassium sulphate (2,000 p.p.m. SO4). 5. Nutrient + potassium sulphate (1,000 

p.p.m. 8O4). 



Fig. lOA. Showing effect of potassium sulphate on growth of H 109 variety (1 
mohth). 

i j Left ^ to right: 1. Control-^nutrient only. 2. Nutrient 4- potassium sulphate 
(4j000 p.p.m. 8O4). 3. Nutrient -f- potassium sulphate (3,000 p.p.m. SO4). 4. Nutri- 
ent 4* potassium si|!phate (2,000 p.p.i^^ Nutrient 4- potassium sulphate (1,000 

p.p,m, SO4). 6. Gontrol*-rnutrient only. 
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also the antagonism between salts or their acid and basic radicals in entering the 
roots, has often been noted in plant physiology. 

The physiological effects of chlorides have been extensively studied by Oster- 
hout (12), who has shown that ions penetrate living protoplasm and that many 
ions which penetrate quite rapidly in pure solutions may be hindered or pre- 
vented from going in by the addition of small amounts of other salts. For exam- 
ple, calcium chloride, strontium chloride and barium chloride are able to hinder 
very greatly the entrance of the ions of sodium chloride. The mechanism is not 
fully understood, but he has noted visible changes in the plasma membrane which 
are entirely different from those produced by such salts as sodium chloride. He 
suggests that there is good evidence to show that sodium chloride does not enter 
the cell alone but is accompanied by calcium chloride. He says that it is possible 
that these salts may wholly prevent each other from penetrating nuclear mem- 
branes, which is of importance in this connection. The antagonistic action of 
salts is largely or entirely due to the fact that they hinder or prevent one another 
from entering the protoplasm. 

The antagonism between salts has also been studied by Reed and Haas ( 14 ) 
on citrus and walnut seedlings. Nutrients containing toxic amounts of sodium 
chloride were made less toxic on addition of calcium, chloride in spite of the 
fact that the concentration of the chlorine was increased thereby. They found 
that orange trees absorb chlorine readily and their growth is characteristically 
affected by amounts which would be harmless in the case of certain other ions. 
The effect of sodium chloride on trees growing in soils under control conditions 
show a restricted growth of roots and shoots, the premature abscission of leaves 
agreeing with the analyses, which show an increased amount of chlorine absorbed. 

Miyake (11), working with rice, also found a marked antagonism in saline 
solutions and a notable toxicity from chlorides. 

The principal function of the root system is absorption of water and inorganic 
salts. W ater enters the [dant through the root hairs and passes out principally 
through the stomata in the surface of the leaves. Thus there is an unbroken 
stream of water passing through the plant. A number of factors may restrict the 
rate of flow, and too rapid transpiration or too slow absorption will seriously 
retard normal development. Among the factors affecting the intake of water 
by the roots are included the composition and concentration of the soil solution. 
This process of water intake tends to go on as long as the total concentration of 
the cell sap of the root hair cells is greater than that of the soil solution sur- 
rounding the root hairs. The greater the difference in concentration lietween the 
cell sap and the soil solution the more rapid the water movement. If the con- 
centration of the soil solution approaches that of the cell sap the rate of absorp- 
tion slows down. The roots of plants growing in highly saline soils are often 
surrounded by a soil solution of sufficiently high concentration to retard absorp- 
tion. In such cases there may be present plenty of water in the soil, but the plant 
can secure it only with great difficulty on account of the high concentration of 
the soil solution. This is often termed a physiological drought and was often 
observed on Lahaina plants affected by the so-called Lahaina disease on irrigated 
fields. In fact this was one of the principal characteristics of the affected stools. 
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In one case we have a physiological inability to absorb water, due to a high salt 
concetitration, while in a physical drought we have an actual moisture deficiency. 

The composition of such saline accunlulations is also closely involved in the 
functional processes of absorption. The rate of entrance of a given salt is deter- 
mined chiefly by its concentration in the cell sap. If the concentration of a given 
salt in the cell sap -is less than the concentration of that same salt in the soil 
solution then that salt tends to diffuse inwardly. It is thus evident that, depend- 
ing upon the varietal powers of selection possessed by plant varieties, excessive 
quantities of undesirable or toxic salts may gain entrance by diffusion into the 
tissues. Through differences in the character of the cytoplasm membrane many 
plants possess selective properties. There may be a rapid absorption of some 
salt, for example, potassium sulphate, while another salt at that time may be 
entering the root hairs in comparatively much lesser amounts. The quantities of 
the many salts present in the soil solution required or assimilated by the plant 
are also to be considered. Whereas salts pass from the soil solution into the 
roots, with the exception of water and carbon dioxide, these same salts are unable 
to pass from the roots to the soil solution. It is evident from this that once 
within the plant non-assimilable salts will often reach sufficient concentration to 
seriously retard the nonfial plant processes. 

On the whole, the water cultures did not .show sufficient differences in the 
action of the single salts to account for the differences in the growth of Lahaina 
and H 109 on the highly saline soils. The toxicity toward H 109 was more 
sluggish than with the Lahaina, but once the plant showed distress it failed rapidly 
from this point. The difference in growth of these two varieties in fields where 
saline accumulations have taken place is unquestionably a property of the com- 
bined chlorides. In other words, in the presence of the several salts H 109 is 
able to adapt itself through the possession of a property lacking in the functional 
processes of the Lahaina variety. 

It is of interest in this connection to present the observations of the several 
plantation managers and the Experiment Station men who have given attention 
to the Lahaina failure on the irrigated plantations. These are taken from the 
discussions at the meetings of the H. S. P. A., and from the reports on file at the 
Experiment Station. Attention is especially called to the many references to and 
the observations on the improved growth of Lahaina which followed excessive 
irrigation and heavy rainfalls, which is direct proof of the relation of soluble 
materials in the soil to the poor growth of Lahaina in these cases. 

The first reports on file are those of Lewton-Brain, beginning in October, 
1905, in which, while he confined his investigations to the fungi present in the 
rotted roots, he stated that '‘a few weeks later with constant large irrigation the 
cane apparently entirely recovers.” Lyon, continuing this work, suggested in 1908 
from his observations at Ewa that the ‘'appearance of the Lahaina was not that 
of an Infectious disease but rather of poor drainage.” Larsen in a report of 
February, 1909, in describing the condition of the diseased cane, mentions the dry 
leaf tips and greater injury along the irrigation ditches, especially those con- 
stantly full of water. About this same time Lyon describes the diseased cane as 
'"of that suffering for water.” 
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In the annual report for 1913 Peck mentions having found high alkalinity in 
some of the soils about diseased stools. This point came up for extensive discus- 
sion at the annual meeting of the Association for the same year. The following 
extracts from this discussion are of interest. Peck had installed extensive experi- 
ments in a diseased area at Waipio: ‘‘Unfortunately, for our experiments, the 
weather conditions have been such that all the cane has come along beautifully 
in the last six months. Cane which was given up has, we have discovered, grown 
to normal cane.'^ During this discussion James Gibb, referring to this recovery, 
made the following significant statement: “In May or June wc had a heavy rain. 
We had six inches of rain in 24 hours, and later there was a lighter rain amount- 
ing to about four inches. I do not know, but I offer it as a possible explanation 
of how it came about, and I would like to ask if that was not the experience at the 
Station. I just speak of that unusual rainfall which might have brought about 
that condition. I know our cane came up very rapidly.” Gibb’s observations were 
fully confirmed during this discussion by Agee. 

During this discussion Mr. Renton stated : “I think it is a question of too 
wet or too dry and something in the nature of the soil.” In the wet soil near 
the ditches there would be high concentration of salt from the continuous supply, 
while in the dry soil concentration would result from evaporation. 

At the 1914 annual meeting of the Association the Lahaina failure again 
Came up for discussion. 

H. P. Agee : There seems to be a serious thing in connection with this trou- 
ble; while the other varieties are so much more resistant to the trouble than the 
Lahaina, yet there are instances where the seedlings succumb to the same con- 
dition, but in a very much less degree than the Lahaina variety. Whether it is a 
question of brackish zmtcr, which fresh water will overcome, we cannot say. 

J. F. C. Hagens: Is it not only on the lands irrigated with artesian water? 

H. P. Agee: The symptoms are not definite enough to say that. It is true 
that the worst trouble is where artesian water is being applied. 

In 1915, Speare made an extensive survey of the affected fields at Honolulu 
Plantation and Oahu Sugar Company. The following observations are significant : 

Oahu Sugar Company: Both mauka and makai fields are affected. Almost 
invariably the disease is more intense and first appears in connection with the 
watercourses, level ditches and straight ditches. If in connection with a level 
ditch, the cane appears in bad condition below it and good above it. It will thus 
run along the makai side of the ditch for some distance and then after a time 
appear on the mauka side, after which it spreads more rapidly. The cause is 
augmented by pump zvater. 

Honolulu Plantation : The disease was worst in the high coral fields around 
Puuloa. “One striking exception is apparent in Field 17 where an area one 
watercourse in width is in good cane though surrounded by diseased cane. This 
small area receives night water from the mill in distinction from the neighboring 
areas T 

Burgess, like Peck, noted excessive alkalinity in some soils about infected stools 
and made a very intensive study of the toxicity of “Black” alkali toward cane. 
His investigations very strongly indicated that this form of alkali may, in many 
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of the irrigated fields, be associated with their low fertility. It is of interest to 
note in his experiments that there was less disease during the years of heaviest 
rainfall and that the disease occurred mostly in sections where the rainfall was 
less than 20 inches per year. 


Conclusions 

1. On the irrigated plantations there is shown to be a greater accumulation 
of saline material in many fields where Lahaina failed than where this variety 
is still making good growth. It is by no means suggested or contended that saline 
accumulation was the only cause of Lahaina failure on all the fields of the irri- 
gated plantations, but rather to show that in many fields it has reached a toxic 
concentration for this variety and was instrumental or a contributing agent in 
the failure of this variety in many cases. 

2. The growth of Lahaina is greatly increased in these soils by heavy irri- 
gation. This is shown by the pot experiments and by the several references to 
observations on the effect of heavy rainfalls on the increased fertility of such 
fields during the jieriod that “Lahaina disease'' was at its worst. 

3. It was shown by water cultures, using high concentrations of single salts, 
that there was a marked toxicity to both the Lahaina and H 109 under the con- 
ditions of the experiment. While these salts singly were in most cases slightly 
more toxic toward Lahaina, the difference was not sufficient to account for the 
wide differences in the growth of these two varieties in the fields where large 
amounts of salt have accumulated. 

4. By growing Lahaina and H 109 in cultures to which instead of adding 
the salts singly they were added together in approximately the same ratio in which 
they are found in the field, there was shown a far greater toxicity toward Lahaina. 
It is believed that this experiment shows quite conclusively that the unlike growth 
of these two varieties on the highly saline soils is due either to a basic antagonism 
or a greater selective power of resistance in the H 109 variety. 

Literature Cited 

1. Blouin, R. E. — Reports for year 1903. In Bulletin 9, p. 13, Experiment 
Station H. S. P. A., A & C series. 

2. Eckart, C. F. — Reports for year 1902. In Bulletin 8, p. 21, Experiment 
Station H. S. P. A., A & C series. 

3. Eckart, C. F. — Miscellaneous papers 1905. In Spec. Bulletin B, p. 52, 
Experiment Station H. S. P. A., A & C series. 

4. Eckart, C. F.— Recent experiments with saline irrigation. 1905. In 
Bulletin 11, Experiment Station H. S. P. A., A & C series. 

5. Harris, F. S. — 1915. Effect of alkali salts in soils on the germination 
and growth of crops. In Jour. Agric. Res. 5, p. 1. 

6. Harter, L. L.— 1908. The influence of a mixture of soluble salts, prin- 
cipally sodium chloride, upon the leaf structure and transpiration of wheat, oats, 
and barley. In Bui. 134, Bur. Plant. Ind. U. S. Dept, Agric. 



441 


7. Loew, O.— 1899. The physiological role of mineral nutrients. In Bui. 18, 
U. S. D. A. Div. Veg. Phys. and Path. 

8. Loew, O. — 1903. The physiological role of mineral nutrients in plants. 
In Bui. 45, Bur. Plant Ind, U. S. D. A. 

9. Maxwell, W. — 1900. Irrigation in Hawaii. In Bui. 90, Office of Experi- 
ment Station, U. S. D. A. 

10. McGeorge, W. T. — 1924. Salt accumulation in Oahu soils. In Haw. 
Planters’ Record, 28, p. 321. 

11. Miyake, K. — 1913. Influence of salts common in alkali soils upon growth 
of the rice plant. In Jour. Biol. Chem. 16, p. 235. 

12. Osterhout, W. J. V. — 1912. The permeability of protoplasm to ions and 
the theory of antagonism. In Science (N. S.), 35, p. 112. 

13. Peck, S. S. — 1906. Hawaiian waste molasses. In Bui. 18, p. 27, Ex- 
periment Station H. S. P. A., A & C series. 

14. Reed, H. S. and Haas, A. R. C. — 1924. Nutrient and toxic effects of 
certain ions on citrus and walnut trees with special reference to the concentration 
and pH of the medium. Calif. Exp. Sta. Tech. Paper No. 17. 

15. Reed, H. S. and Haas, A. R. C. — 1923. In Ann. Rep. Calif. Exp. Sta. 
1922-1923, p. 106. 

16. Row, K. K, — 1924. Effect of salinity on the growth and composition of 
sugar cane varieties. In Agric. Jr. India, 14, p. 476. 

17. Tottingham, A preliminary study of the influence of chlo- 

rides on the growth of plants. In Jour. Am. Soc. Agron. 11, p. 1. 

18. Wheeler, H. J. and Hartwell, B. L. — 1901-2. Conditions determining 
the poisonous action of chlorides. In Ann. Rep. R. 1. Exp. Sta., p. 287. 


The Prevalence of Nut Grass on Island Soils as 
Influenced by Soil Reaction 


By W. T. McGeorge 

During the course of our investigations on the fertility of the acid plantation 
soils, the writcT made the observation that nut grass (Cyperus rotundiis) was 
notably absent or made very poor growth on such types. The question arose, 
naturally, as to the underlying causes of this characteristic of nut grass and its 
possibility as a control measure on a field scale; that is, what is the constituent 
of acid soils which is toxic toward nut grass, and can it be produced in the field 
by the application of chemicals? 

As has been pointed out in previous articles in the Record, Island soils contain 
soluble aluminum which is known to be toxic toward many plants. Experiments 
were therefore planned to determine whether the toxicity toward nut grass was 
the acidity itself, the salts of aluminum, or some hitherto unidentified agent. The 
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experimental procedure involved growing this plant in water cultures to which 
sulphuric -acid and aluminum salts had been added. 

Water Cultures 

Nutrient SoltH ion: The following nutrient solution was used in the water 
cultures ; 


.2 N Calcium nitrate 15 cc. per litre 

.1 N Ammonium nitrate 10 ** 

, 1 N Potassium chloride 8 ^ ‘ 

.2 N Magnesium sulphate 8 

8.3 gms. Calcium phosphate per litre 5 ** ** 

Ferric citrate trace 


Using the above nutrient solution as a basis, two sets of cultures were pre- 
pared. To one set was added increasing amounts of aluminum chloride. To the 
second set sulphuric acid was added in amounts sufficient to produce the same 
range of acidity or .hydrogen ion concentration as obtained in the aluminum 
cultures. The plan was as follows: 


1. Control-nutrient solution only pH 6.8 

2. Nutrient 4 cc. .2 N aluminum chloride 4.3 

3. '' 6 cc. '' 4.0 

4. '' 8 cc. '' 4.0 

5. 10 cc. ‘‘ 4.0 

6. 25 cc. “4.0 

7. “ sulphuric acid to give “ 6.4 

8. “ “ “ “ “ “ 5.6 

g ( ( it (((((< ^^.52 

■] Q a ( t it a it ...“46 

it it ti a n ^ ^ “4,2 

12 ^ * “ i i ( i i t .“39 


Healthy young plants about 4 inches in height were obtained from the Experi- 
ment Station grounds where nut grass grows in profusion for use in these cul- 
tures. One-half of the plants were taken with the bulb or 'hint’' attached and one- 
half without. The plants were suspended in 250 cc. wide mouth bottles contain- 
ing the above solutions, by means of a cork with slots extending in toward the 
center, as shown in the illustrations. 

The plants were started in the cultures on September 12, and were photo- 
graphed, as shown in Fig. 1, on October 13. These cultures show quite con- 
clusively that the toxic constituent of acid soils retarding the growth of nut 
grass is not the acidity of the soil or hydrogen ion concentration per se. As a 
matter of fact the growth of nut grass was greatly stimulated by the acid. On 
the other hand, the plants in the solutions to which aluminum chloride was added 
while they remained alive in all cases, there was absolutely no root growth and 
no further growth of tops over the original height. -It seems fair to interpret from 
this that aluminum is the jgrowth retarding constituent of acid Island soils so far 
as nut grass is concerned. On October 18, the plants in this experiment were 
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Niit ^^raas in water cultures + sulphuric acid. 

Left to right: 1. Control — nutrient solution. 2. Nutrient solution -j- sulphuric 
acid to pH 6.4. 3. Nutrient solution -f* sulphuric acid to pH 5.6. 4. Nutrient solu- 
tion + sulphuric acid to pH 5.2. 5. Nutrient solution -f sul])huric acid to pH 4.6. 

6. Nutrient solution -(- sulphuric acid to pH 4.2. 7. Nutrient solution + sulidiuric 

acid to pH 3.8. 



Nut grass in water cultures + aluminum chloride. 

Left to right: 1. Control — nutrient solution. 2. Nutrient solution -f 4 cc. .2N 
aluminum chloride pH 4.3. 3. Nutrient solution H- 6 cc. .2N aluminuin chloride pH 4.0. 

4. Nutrient solution 8 cc. .2N aluminum chloride pH 4.0. 5. Nutrient solution 
+ 10 cc. .2N aluminum chloride pH 4.0. 6. Nutrient solution + 25 cc. .2N aluminum 

chloride pH 4.0. 


Fig. 1 
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reversed, that is, the large plants from the acid cultures were transferred to the 
aluminum and vice versa. The root tips of the plants from the former in a few 
days after changing to the aluminum chloride nutrient solutions became brown 
and discolored and there was a notable chlorosis (yellow) and premature dying 
of the leaves. 

The “dormant’' plants from the aluminum cultures on changing to the acid 
nutrient soon sent out roots and started to grow and, while stunted, as compared 
to the check plants, made a good growth. 

Pot Experiments 

In view of the above, a series of soil treatments was planned involving the 
application of fertilizer compounds of a residual acidity. Ammonium sulphate, 
sulphur and Aluminum chloride were chosen as three such materials. Pots con- 
taining 10 lbs. soil were used and were filled with soil from the Makiki Plots. 
This soil is alkaline in reaction and very highly buffered, that is to say, it resists 
strongly the effect of acid fertilizers in its reaction. The following table gives in 
detail the plan of the' experiment : 


ALX7MINX7M OHI«ORIDE SERIES 

1. Soil untreated 

2. 17 grams Alumimim chloride added (approx 
3 28 * * * * ^ ^ ^ 

4. 39 ^ * < < n < < - < < 

5. 55 '' 

SXJLEHtJR SERIES 

Soil untreated 


2, 

25.5 

gms. Sulphur added (approx. 

8 

t.p.a.) 

3. 

50 

a t ( (( 

t i 

16 

t i 

4. 

100 

n a ( ( 

i i 

32 

i t 

5. 

200 

it it it 

1 1 

64 

1 1 

6 . 

300 

it it it 

i i 

128 

t i 


ammonium sulphate SERIES 

1. Soil untreated 

2. 12.5 gms. Ammonium sulphate added (approx. 4 t.p.a.) 


3. 

25 

i i ■' 

t i 

1 1 

1 1 

‘‘ 8 

it 

4. 

50 

t i 

i i 

t i 

i t 

16 

it 

5. 

100 

1 1 

i i 

i i 

i i 

32 

i i 

6. 

200 

i i 

i t 

1 1 

i t 

64 

i i 

7. 

300 

it 

i t 

i t 

it 

128 

1 1 


The above treatments were made on November 16, and the pots watered 
daily in order to germinate the nut grass nodules transferred to the pots lyith 
the soil and to allow time for the action of the chemicals before making the test. 
On February 5, plants were removed from the pots and samples of soil were 
taken from each in order to determine the change in reaction produced by the 
chemicals. The were then immediately replanted with also a series of Ber- 


. 6 t.p.a.) 

9 '' 

13 

18 
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muda grass merely for comparative purposes. The soil reactions are given in 
the folfowing table : 


TABLE 1 


Pot No. Alinuiiuim Chloride Sulphur Ammonium Sulphate 

1 8.01 8.01 8.01 

2 7.67 5.13 7.84 

3 7.33 4.71 7.42 

4 7.33 4.63 6.74 

5 7.08 4.46 5.81 

6 .... 4.46 4.97 

7 .... 4.38 


This data shows the great resistance in this type of soil to acid fertilizers in 
that the aluminum chloride up to 18 tons per acre had little effect on the reaction. 
The same may be said of ammonium sulphate, where in excess of 32 tons per 
acre was required to give a toxic acidity. Sulpluir showed the greatest residual 
acidity, the lowest application, namely, 8 tons per acre, producing a reaction of 
pH 5.13. 

The plants were photographed April 27, and their condition at that time is 
shown in Fig. 2. 

Aluminum Chloride: There being no production of acidity from the appli- 
cation of aluminum chloride, no toxicity was shown. This is in line with our 
investigation of aluminum toxicity in that a certain degree of acidity must be 
present in the soil to allow the solubility of the aluminum in the soil solution. 
As previously stated, this soil is very highly buffered and capable of throwing 
large quantities of aluminum out of solution into ineffective combinations. 

Sulphur: This material was much more effective. A marked increase in 
acidity was obtained and likewise on increasing the acidity toxicity toward nut 
grass resulted. At the time the pots were photographed the plants in the last three 
were dead. I-^ter on the other two pots became badly discolored also and there 
was little sign of life in the tops. 

Ammonium Sulphate: In Table 1 it will be seen that the last two treatments 
produced a sufficient acidity to be toxic, yet no toxicity was shown at the time 
the plants were photographed. However, one month later the plants in the two 
pots receiving the highest applications were yellow and showed no signs of life. 

This little experiment shows that in such a soil type as this any practical con- 
trol of nut grass through soil reaction is out of the question unless over an ex- 
tended period of applying ammonium sulphate or sulphur. In such highly buf- 
fered soils too large applications of chemicals would be required. 

In view of the fact that this soil type is rarely found on plantations this experi- 
ment was repeated using a red clay, a very widely distributed type and one which 
is low in phosphates and other buffer agents; The plan of this experiment was 
similar to that with the Makiki soils in that 10 lbs. soil were used. On the other 
hand, knowing the different properties of this type smaller applications of chemi- 
cals were made. The following is the plan of this experiment : 
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Left to right: 1. Control — no treatment. 2. 10 lbs. soil + 17 grains aluminum 

sulphate. 3. 10 lbs. soil + 28 grams aluminum sulphate. 4. 10 lbs. soil + 39 grains 

aluminum sulphdte. 5. 10 lbs. soil + 55 grams aluminum sulphate. 



Left to right: 1. Control — no treatment. 2. 10 lbs. soil + 25 grams sulphur. 
3. 10 lbs. soil + 50 grams sulphur. 4. 10 lbs. soil + 100 grams sulphur. 5. 10 lbs. 
soil + 200 grams sulphur. 6. 10 lbs. soil + 300 grams sulphur. 



Left to right: 1. Control-^no treatment. 2. 10 lbs. soil +^12.5 grams ammonium 

^ sulphate. 3. lO lbs, soil + 25 grams ammonium sulphate. 4. 10 lbs. soil + 50 grams 

amnionium sulphate. 5. 10 lbs. soil + 100 grams ammonium sulphate. 6. 10 lbs. 

soil + 200 grams ammonium sulphate. 7. 10 lbs. soil + 300 grams ammonium sulphate. 

Fig. 2 

Nt^t gtass top row — Bermuda grass bottom row. Makiki soil. 
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ALUMINUM OHLOBIDE 

1. Untreated soil 

2. 15 grams aluniiiiuiu chloride per pot (approx. 3.3 t.p.a.) 

3. 25 5.5 '' 

4. 35 << 7.7 


SULPHUR 

1. Untreated soil 


2. 

5 

grams sulphur per pot (approx. 

1.1 t.p.a.) 

3. 

10 

t i 

1 1 

it a 

i t 

2.2 

4. 

20 

( ( 

t ( 

it it 

i i 

4.4 

5. 

40 

i ( 

( i 

it it 

t i 

8.8 

6. 

60 

1 1 

t i 

i i it 

t i 

13.2 ‘‘ 


AMMONIUM SULPHATE 


Untreated soil 


2^ 

5 

grains ammonium 

sulphate per pot 

(approx. 

1.1 

t.p.a.) 

3. 

10 

( ( i i 

it a 

i i 

i i 

2.2 

i t 

4. 

20 

it it 

i i it 

i i 

i i 

4.4 

i t 

5. 

40 

it i i 

a it 

i ( 

< i 

8.8 

( { 

6. 

GO 

t i it 

it it 

i i 

i { 

13.2 

i i 


The chemicals were applied to the soil on April 3, and nut grass planted 
April 15. The plants were photographed on May 29. 

A saini)le of soil was taken from each pot for a determination of the soil 
reaction. The results are given in the following table: 


Pot No. 

Sulphur 

Ammonium Sulphate 

Alnmiiium Chloride 

1 

7.42 

7.42 

7.42 

9 

5.98 

6.83 

6.06 

3 

5.90 

6.91 

5.81 

4 

5.30 

6.83 

5.30 

5 

4.97 

6.57 


6 

4.88 

6.74 



The soil in each pot was then well mixed, returned to the pots and replanted 
to nut grass on June 1. This set of plants was continued until July 29, when 
the plants were photographed and the reaction of the soil again determined. 
The reactions are given in the following table: 


Pot No. Sulphur Ammonium Sulphate Aluminum Chloride 

1 7.67 7.67 7.67 

2 5.90 7.92 6.15 

3 5.81 7.50 6.74 

4 4.80 7.33 5.80 

5 3.71 7.00 

6 3.28 7.00 


The condition of the plants in the first planting is shown in Fig. 3, while 
only the sulphur series of the second planting is shown in Fig. 4. 




Left to right: 1. Control — no treatment. 2. 10 lbs. soil 4- 35 grams aluniinuni 

chloride. 3. 10 lbs. soil -f- 25 grams aluminum chloride. 4. 10 lbs. soil -f- 35 grams 

aluminum chloride. 



Left to right: 1, Control — no treatment. 2. 10 lbs, soil -j- 5 grams sulphur. 
3. 10 lbs. soil -j- 10 grains sulphur. 4. 10 lbs. soil -f 20 grams sulphur. 5. 10 lbs. 
soil “f* 40 grams sulphur. 6. 10 lbs. soil -|- 60 grams sulphur. 



Left to right: 1. Con trol'—no treatment. 2. 10 lbs. soil -f- 5 granis ammonium 

sulphate. 3. 10 lbs. soil + 10 grams ammonium sulphate. 4. 10 lbs. soil 4- 20 grams 

V ;femmonium sulphate. 5. 10 lbs. soil 4“ 40 grams ammonium sulphate. 6. 10 lbs. soil 

4- 60 grams amihonium sulphate. 

. ■ S'ig. ’-S . 

Nut gra^^TOd clay ^il 
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Fig. 4. Nut grass — red clay soil — second planting. a 

Left to right: 1. Control — no treatment. 2. 10 lbs. soil -f 5 grains sulphu* 
3. 10 lbs. soil + 10 grams sulphur. 4. 10 lbs. soil -h 20 grams sulphur. 5. 10 lbs. 
soil -f 40 grams sulphur. 6. 10 lbs. soil 60 grams sulphur. 

Sulphur: These pot experiments on the red clay type indicate that in the 
use of sulphur may lie a method for the control of nut grass. The first plantings 
as shown in Fig. 4, was made at the time the sulphur was applied, and even up 
to the completion of the experiment much of the sulphur was still undecomposed. 
Toxicity was shown in pot No. 4 of reaction pH 5.3 (approximately 4 tons sul- 
phur per acre). It is probable that later toxicity would develop in pot No. 3 
(2 tons per acre), as the acidity was still increasing at the end of the experiment 
and was just at the toxic point. 

Ammonium Sulpluite: The plants in the first set were slightly stunted in 
growth, probably due to the heavy applications of salt, as there was no great 
increase in acidity at the end of the first planting and still less at the end of the 
second planting. It is probable that the continued use of ammonium sulphate 
over a period of years would gradually increase the soil acidity sufficient to kill 
out the nut grass. 

Aluminum Chloride: In the first planting there was some toxicity shown 
before the aluminum chloride had iDeen fixed by the soil. In the second planting 
it was shown only in the heaviest application at pH 5.80. 

The relation between soil reaction and plant distribution, such as we have 
observed with nut grass, is by no means a new subject. Wherry (1) has shown 
the distribution of a species may be limited in a very definite way by soil reaction. 
He has confined his studies mostly to the distribution of natural flora, but his 
observations cover quite extensive investigations. Similar studies have been con- 
ducted in England by Atkins (2) in which also a definite relationship is shown. 
Wherry does not contend that reaction is the only factor of importance or that 
the acid acts directly on the plant. As he states, some plants may require for them- 
selves or for symbiotic organism a soil of definite reaction ; others may be aflfected 
by some physical or chemical property of the soil which accompanies such reac- 
tion; and still other plants may be driven into soils of a certain degree of acidity 
by more vigorous species which monopolize neighboring soils of greater or less 
acidities. 
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Some practical applications of this property of plants are of interest. Gillespie 
and Hurst (3) have shown a ditference in the adaptation of soil types to potato 
culture. On a soil of pH 5.2 potatoes grew free from scab. At pH 5.93 they were 
badly attacked by this disease. In this case we have a difference in biological 
characteristics with reaction range or an indirect effect of soil reaction on plant 
growth of great importance, however, in potato culture. To grow potatoes free 
from scab it is only necessary to control the soil reaction by fertilization. 

Another fungus disease, ‘'finger-and-toe,'^ develops to a harmful extent only 
in acid soils ami therefore acidity in this case is undesirable. 

The blueberry thrives in soils so acid as to be worthless for ordinary agricul- 
tural purposes. Acidity also seems to be desirable for the cranberry and black- 
berry. The growth of leguminous plants is often affected in acid soils due to the 
lessened multiplication of the symbiotic nitrogen fixing bacteria. 

More closely related to the growth of nut grass on acid soils is the work of 
the Rhode Island Experiment Station (4) in which they have studied the in- 
fluence of different fertilizers on a number of grasses and mixtures for lawns, 
golf links and polo fields. These experiments, involving a number of grass plots, 
were started in 1905 and ’have now reached a point where by controlling soil 
reaction by varying the fertilizer practice they can definitely control not only the 
type of grass or clover but also assure freedom from many weeds. In other 
words, their experiments have yielded a method of weed control on lawns by 
fertilization. They have classified a number of grasses as follows : acid resistant, 
Awnless Brome, Red top, Rhode Island bent, Sweet Vernal, Tall meadow oat, 
Velvet grass ; less resistant, Kentucky blue. Orchard, Meadow fox-tail. Sheep’s 
fescue. Tall fescue, Timothy. This classification has been arrived at by planting 
mixtures in plots and applying residually acid, neutral and basic fertilizers for 
a period of 20 years. 
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Oil Burning in Stationary Power Plants^ 

Steam and Mechanical Atomidng; Heating the Oil; Furnace Volume and 

Arrangement 


(From a Paper Presented Before the A. S. M. E. by Nathan E. Lewis) 

For moderate sized plants and where the load is reasonably steady, so that 
the boilers are not called on for extreme overloads, the steam atomizer is used 
and has certain advantages. At rated load, it operates with moderate draft ; it is 
simple and easy to keep in repair ; oil to supply it can be at lower pressure and 
temperature than for mechanical atomizers, 130 to 190 deg. F. and 40 to 60 lbs. 
It gives, however, a long, flat flame which must have room so that it will not 
touch the furnace walls or boiler heating surface ; its capacity is 1,200 to 1,300 
lbs. of oil an hour per burner, the maximum capacity to which the boiler can be 
worked being 200 per cent of rating; furnace volume required is but 0.15 cu. ft. 
per sq. ft. of heating surface or 0.35 cu. ft. per lb. of oil to be burned per hour. 
Air supply is through a false floor of brick checker work, the pattern and arrange- 
ment of this checker work having considerable influence on the effectiveness of 
the operation. This makes use of more than one row of burners impossible. 

Mechanical atomizers are generally used where a heavy overload is to be car- 
ried and maximum capacities are desired. The mechanical burner will operate 
a boiler at as high overload as a coal-fired furnace; it will burn 1,500 to 1,600 lbs. 
of oil an hour and can go higher, if sufficient draft and blast are furnished; it 
gives a short conical flame and can evaporate as much as 10 lbs. of steam per 
square foot of heating surface and as much as 60 lbs. per cu. ft. of furnace 
volume. On the other hand, the oil should be heated to 200 to 280 deg., which 
requires live steam, and the oil is handled at 100 to 250 lbs. pressure; also a 
higher draft must be furnished than for steam atomization. Furnace volume 
must be provided of 0.5 cu. ft. per sq. ft. of heating surface or 0.5 cu. ft. per lb. 
of oil to be burned an hour. The high temperatures resulting from high rate of 
combustion make the problem of furnace wall maintenance difficult. Air is sup- 
plied around the burner itself, the position of the impeller plate through which 
the air comes having a considerable effect on the efficiency of the burner, but 
allowing of the use of two rows of burners in a boiler, staggered vertically. 

Oil Must Be Heated 

In heating the oil, care should be taken that it is sufficient but not too great. 
Low temperature results in poor atomization and a smoky fire ; too high tem- 
perature results in waste of steam, pulsations of the flame and a lowered capacity 
of the burner. With steam atomization, exhaust steam can be used for heating 

* Power Plant Engineering, Volume XXIX, No. 2. 
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the oil and the heating apparatus need be tested only for 150 lbs. on the oil side 
and 60 lbs. on the steam side ; for mechanical atomization, live steam is necessary 
for heating and both oil and steam sides of the heater should be tested for 250 lbs. 
The heavier the oil used, the higher the temperature to which it must be heated 
to work satisfactorily. 

Extreme care must be taken to get pipe lines carrying oil tight, as the oil is 
difficult to hold at the joints and a small leak may produce a big fire hazard. 
It is necessary, therefore, to have the piping of ample size, to use long-radius 
bends and to keep the number of joints down to the least possible, providing 
valves to isolate sections for repairs when needed. 



^ I I 

In this installation, walls are cooled by air and this air is further heated for supiDly to 

the oil burners. 


■ 

Because of the high temperatures carried in oil-burning furnaces, it is essential 
to have the best possible furnace walls and to cool them as much as possible. 
Two methods of cooling have been proposed and tried : air circulation in hollow 
walla and setting boiler tubes in the walls to carry away some of the heat. Even 
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then, the best quality of fire brick is needed which can be had only by careful 
selection, this, of course, resulting in higher cost, though the quality of fire brick 
is being improved by manufacturers in response to the demand. Most brick will 
undergo plastic deformation under 25 lbs. pressure per sq. in. and 2,400 deg. F. 
temperature, or under 10 lbs. pressure and 2,600 deg. As furnace brick is often 
under IS lbs. pressure and furnace temperatures run as high as 3,000 deg., it is 
evident that only the best brick will serve. Small volumetric changes in the brick, 
due to expansion and shrinkage, will result in bulged and cracked walls and 
larger changes, in spalling. 

One form of air cooling which has been tried is shown in the illustration, 
it is an installation made by the Babcock & Wilcox Company for the Houston 
(Tex.) Lighting and Power Company. Air from a point about 17 ft. above the 
boiler room floor is passed down through ducts back of the rear wall of the fur- 
nace and under the floor to ducts back of the side walls. It rises through these 
and a breeching to an air heater whence it is drawn by a fan and delivered to the 
oil burners. This unit has 19,884 sq. ft. of heating surface, 11,660 sq. ft. of air 
heating surface, rated capacity of 150,000 lbs. of steam an hour and evaporation, 
at rating, of 7]A lbs. of steaim an hour per sq. ft. of heating surface. The 
experience with this type of cooling is encouraging hut not sufticient to warrant 
definite statements as to its economy. 


(W. E. S.) 
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Sugar Prices 


96° Centrilitgals for the Pedod 
June 19, 1925, to September 15, 1925 


Date 

Per Pound 

Per Ton 

Remarks 

June 

19,1925.. 

.... 4.40^ 

1(588.00 

Cubas. 

it 

23 

... 4.385 

87.70 

Cubas, 4.40; Philippines, 4.37. 

1 1 

24 

... 4.37 

87.40 

Cubas. 

ti 

25 

... 4.33 

86.60 

Oubas. 

1 1 

26 

... 4.285 

85.70 

Porto Ricos, 4.30, 4.27. 

July 

1 

. . . 4.30 

86.00 

Porto Ricos. 

ti 

6. . : 

... 4.285 

8.170 

Cubas, 4.30, 4.27. 

i i 

7 

... 4.27 

85.40 

Philippines. 

1 1 

9 

... 4.255 

85,10 

Cubas, 4.27; Porto Ricos, 4,24. 

i t 

10 

... 4.21 

84.20 

Porto Ricos. 

1 1 

14 

... 4.24 

84.80 

Cubas. 

i i 

15 

... 4.27 , 

85.40 

Cubas. 

it 

23 

... 4.265 

85.30 

Cubas, 4.27; Philippines, 4.26, 

it 

24 

... 4.27 

85.40 

Cubas, 

it 

27 

... 4.24 

84.80 

Porto Ricos. 

* i 

29 

... 4.255 

85.10 

Porto Ricos, 4,27; Cubas, 4,24. 

t i 

30 

... 4.30 

86.00 

Cubas. 

Aug. 

3 

... 4.27 

85.40 

Cubas. 

( t 

4 

... 4.30 

86.00 

Porto Ricos. 

f i 

5........ 

... 4.33 

86.60 

Cubas. 

it 

6 

. . . 4.37 

87.40 

Spot Cubas. 

it 

7 

... 4.385 

87.70 

Cdbas, 4.37, 4.40, 

i t 

10 

... 4.37 

87.40 

Cubas. 

f i 

11 

. . . 4,35 

87.00 

Spot Cubas, 4.37, 4.33. 

< i 

12 

. . . 4.30 

86.00 

Spot Cubas. 

( i 

14 

... 4.32 

86,40 

Si)ot Cubas, 4.31, 4.33. 

i t 

18 

. . . 4.37 

87.40 

Cubas. 

it 

19 

... 4.385 

87.70 

Spot Cubas, 4.37; Cubas, 4.40. 

a 

20, 

. . . 4.37 

87.40 

Cubas, 

i i 

21 

. . . 4.33 

86.60 

Cubas. 

1 1 

24 

... 4.385 

87.70 

Spot Cubas, 4,38, 4.39. 

i t 

25... 

... 4.40 

88.00 

Cubas* 

t i 

28........ 

... 4.415 

88.30 - 

Spot Cubas, 4.43; Cubas, 4.40. 

Sept* 

2 

... 4.37 , 

87.40 

Cubas. 

i i 

3 ... 

. . . 4.325 

86,50 

Cubas, 4.33; Spot Cubas, 4.32. 

it 

9 

... 4.33 

86.60 

Porto Ricos. 

i i 

14 

. . . 4.27 

85.40 

PhTlippines. 

i i 

15. .... . . . 

. .V 4.21 

84.20 

Cubas. 
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